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li'TRODUCTICII, 


The  following  re^^ort  de^ls  with  v;ork  thcf.t  has  been 
^ruroued  at  Frankford  Arsenal  during  the  last  two  years  en  the 
development  of  nen-cerrosive  priming  mixtures.  The  program  of 
experimental  work  as  originally  planned  vas  very  much  amplxfiod 
as  the  v;ork  went  on.  For  this  reason  no  report  was  issued  at 
the  end  of  the  first  year>  at  that  time  some  of  the  more  inter-' 
estin,^  implic..tions  of  the  problem  were  beginning  to  be  grasped, 
and  it  was  decided  to  postpone  the  date  of  report. 

The  most  remarkable  thini^  about  the  history  .of  percus¬ 
sion  primers  is  the  total  absence  of  any  radical  changes  or 
brilliant  improvements,  since  their  invention,  such  as  have  oc- 
curod  in  the  field  of  propellant  powders.  Modern  primers  are 
very  rauch  the  same  as  the  fiist  ^^rimers  raade  by  Forsyth  in  1807, 
containing  70.6  parts  ef  ;^otassium  chlorate,  11.8  parts  of  char¬ 
coal,  and  17.6  parts  of  sulfur.  Important  improvements  have  been 
made  in  the  uniforrdty  and  reliability  of  primers,  but  the 
priming  charge  still  consists,  as  it  has  for  the  last  century, 
of  a  heterogeneous  uexture  of  granular  substances,  capable  of 
taking  fire  when  struck.  The  remark  has  frequently  been  made 
that  primers  are  still  in  the  ”tlack  piv/der”  stage  of  develop¬ 
ment  •  ^ 


The  first  improvement  on  Forsythes  primer  came  in  1819 
when  ‘bright  used  a  mixture  of  mercury  fulminate,  potassium 
nitrate,  sulfvir,  and  black  powder  (l) .  liany  persons,  hov;ever, 
still  favored  the  chlorate  primer  because  sf  its  safety  in 
handlings  and  so  Dreyse  came  forth  with  a  raixture  of  52.4  parts 
of  potassium  chlorate  and  47.6  parts  of  stibnite,  or  antimony 
sulfide,  Dreyse *s  mixture  must  have  been  very. ^insensitive, 
even  when  compared  v;ith  Forsyth’s  mixture,  for  after  awhilo 
mercury  fulrainate  v/as  added,  and  a  priming  mixture  was  produced 
v/hich  was  satisfactory  enough  to  remain  in  use  r*iany  years. 

Liany  governments  still  use  this  mixture,  or  modifications  tf  it, 
in  thoir  armnunition.  Powdered  glass  is  frequently  used  tt 
increase  the  sensitivity,  and  a  bindin;;  Liaterial  such  as  shellac, 
gum,  or  gelatin,  is  usually  added  to  hold  thu  separate  ingre-  ' 
dients  together.  One  of  the  ^-tustrian  primers  (1)  (2)  my  bo 
quoted  us  rei^roscntativo  of  this  type  of  mixture,  being  coinposod 
of; 


llercury  fulminate  13.7^ 

Potassium  chlorate  41.5^ 

Antimony  sulfide  (stibnite)  33.4^ 

pov/dered  glass  10. 

Gelatin  0.7^ 


100.  OjJ 
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Tho  Unitod  States  Army  usod  a  fulminato  mixture  as 
lato  as  1899,  but  evv^ntually  chan^od  to  tho  chlorate,  non* 
fuLsinato  type  ’v/hich  has  gradually  boon  improved  until  today 
it  is  ^.robably  tho  best  primer  from  a  ballistic  standpoint 
that  has  so  far  been  evolved*  Tho  fulminate  is  eliminated 
through  tho  use  of  more  easily  ignited  fuels,  th^roby  increas¬ 
ing  tho  sensitivity  of  the  mixture,  so  that  it  compares  very 
well  with  mercury  fulminate  uiixturea.  The  composition  now  be¬ 
ing  loaded  at  Frankford  Arsenal  is  tho  v/ell  known  Winchostor, 
or  F*A.70,  mixture; 


Potassium  chlorate 

53% 

Antimony  sulfide 

Lead  sulfocyanide 

Z5% 

T.N.T. 

5% 

This  composition  is  moistened  with  a  small  amount  of  gum  so¬ 
lution  and  then  loaded  in  the  usual  way.  In  this  composition 
the  T*N*T.  and  load  sulfocyanide  are  the  easily  ignited  fuels 
which  give  the  primer  the  required  sensitivity.  In  place  of 
these,  the  sulf ocyanides ,  f errocyanidoa,  and  thiosulfates  of 
various  heavy  metals  have  also  been  proposed  for  priming  mix¬ 
tures. 


During  recent  timos  a  third  ty^.e  of  primer  has  been 
the  object  of  much  eXi^erimental  work.  It  contains  neither 
fulndnate  nor  chlorate,  and  depends  for  its  ignition  on  Q.ny 
one  of  several  explosive  coiapounds.  It  is,  perhaps,  the  **ideal” 
type,  since  it  atteru^^jis  to  avoid  the  bad  features  of  the  fulni^ 
nate  and  chlorate  primers.  But  none  of  the  mixtures  belonging 
to  this  third  typo  have  been  used  extensively,  and  -/hatever 
advantagosr  they  nuy  seem  to  have  are  offset  by  the  fact  that 
very  little  experience  has  been  load  v/ith  them. 

At  present  then,  there  are  two  types  of  priming  mix¬ 
tures  which  are  knov/n  v/ell  enough  to  merit  consideration  for 
service  ami^unition.  These  are  the  mercury  fulminato  primer 
without  chlorate  and  the  potassium  chlorate  p^rimer  without 
fulminate.  Each,  however,  has  serious  disadvanta^^es.  Mercury 
fulminate  is  somewhat  dangerous  to  work  v/ith,  it  constitutes 
a  constant  monace  to  life  and  health.  The  chlorate  primer,  on 
tho  other  hand,  is  quite  safe  to  manufacturo,  but  its  great 
disadvantage  is  in  the  marked  rusting  caused  by  chlorate  resi¬ 
dues  in  rifles,  necessitating  prompt  and  frequent  cleaning  of 
the  barrels  (3)  (4).  Ballistically,  tho  chlorate  primer  is  far 
cihoad  of  all  other  types.  The  use  of  machine  guns  synchronized 
with  airplane  propellers  in  modern  warfare  places  rigorous  lim¬ 
itations  on  the  amount  of  hangfiro  that  can  bu  allov/od  in  air¬ 
craft  c<m«uunition,  and  in  this  respect  tho  chlorate  primer  is  very 
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reliable.*  Hangfires  are  very  rare,  indeed,  with  the  F.A.70 
composition.  But  fulminate  primers  shov/  a  persistent  tendoncy 
to  hangfiro,  and  in  the  o^. inion  of  many  this  is  thoir  chief 
disadvantage.  At  loast,  this  is  the  one  disadvantage  that 
would  certainly  pr^^^^ent  their  adoption  for  servico  ammunition. 

We  h^ve  then,  on  the  one  hand,  the  chlorate  primer  v/ith  its 
good  ballistics  and  bad  corrosive  effects,  and  on  the  othor 
hand,  the  fulminate  primer  with  its  non-corrosive  features  and 
b:.d  ballistics.  This,  briefly,  is  the  situation  now  existing 
v/ith  regard  to  small  arms  priming  compositions. 

The  present  v/ork  has  been  directed  iuainly  toward  the 
oliudnation  of  hangfires  in  non-corrosive  primers.  Much 
attention  has  also  been  given  to  the  theoretical  side  of  the 
problem  in  an  attempt  to  discover  what  conditions  tend  to 
produco  hangfires.  The  report,  therefore,  has  been  divided 
into  two  main  parts;  the  first  part  describing  tho  mixtures 
prepared  and  the  ballistic  results  obtained  from  thorn,  and  tho 
second  part  setting  forth  tlioorotical  considerations  regarding 
the  composition  and  functioning  of  primors.  Theso  investig\.tions 
hc.vQ  boon  confirmed  exclusively  to  tho  primer  used  in  .30 
caliber  ammunition,  and  tho  conclusions  drav/n  will,  of  course, 
relate  only  to  the  .30  caliber  primer. 

II.  EXFERILSCTAL  CO:  POSITIONS . 


In^rodienta 

V/ith  tv/o  exceptions,  all  tho  ingredients  used  v/ore 
vory  pure  chemical  compounds  cc-uivLlt.nt  to  grade.  Tho 

mercury  fulminate,  hov/uvor,  was  of  tho  usual  purity  used  in 
detonators  and  primers^  that  is,  it  contained  about  99^  mercury 
fulminate'.  Tho  antiraony  sulfide  consisted  of  ground  stibnito, 
containing  approximately  90^  Sb2S3  this  grade  boing  regularly 
used  for  priming  compositions. 

Tho  granulation  of  each  ingredient  was  controlled  by 
of  four  st-.ndard  Tyler  sieves  of  80,  100,  150,  and'  200  mesh. 
Tho  following  convention  la.s  boon  adopted  for  indicating  tho 
fineness  of  tho  various  ingredients; 

100/150  ropresonts  material  which  passed  through 

tho  100  mesh  siovo  but  v/as  ret-.inod  by  tho 
150  mooh  sieve. 

-  /80  represents  material  coarser  that  60  mosh, 
upper  limit  of  coarsenos*  unknown. 

200/  -  ropTGseuts  material  finer  Uuri  200  mosh, 
lower  limit  of  finoaoss  unknovm. 
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net hod  of  Dry  laxin^ 


In  making  up  a  priming  composition  for  dry  charging,  the 
ingredients  aro  weighed  separately  and  then  laixod  by  passing 
them  twice  through  an  80  mesh  sieve,  A  brush  is  used  to  break 
up  lumps  if  any  are  formed.  If  explosive  compounds,  such  as 
mercury  fulminate,  are  to  bo  used  in  the  mixture,  they  are  laid 
aside  until  the  other  materials  have  been  sieved.  The  explosive 
material  is  then  added  and  the  v/hole  thoroughly  blended  by 
"rolling"  the  mixture  on  clean  paper.  All  priming  mixtures 
loaded  dry  arc  distinguished  by  having  tho  letter  "D"  added  to 
the  serial  number. 


Method  of  V/et  liLxing 

In  preparing  mixtures  for  wet  charging,  the  ingredients 
are  first  mixed  dry,  the  same  procoduro  being  used  £ia  for  dry 
charging.  Tho  mixture  is  then  poured  upon  a  clean  glass  plate 
and  enough  gum  solution  added  to  give  it  tho  proper  consistency. 
The  ^um  solution  is  oorkod  in  by  hand,  and  after  thorough  mix¬ 
ing,  tho  cori^osition  is  plciood  in  hard  rubber  boxes  ana  covered 
with  a  damp  cloth.  All  tho  exporimont -.1  vet  mixtures  v/orc 
loaded  within  throe  hours  after  thuy  v/oro  prepared.  Tho  gum 
solution  is  composed  of; 


Gum  Tragacanth 

60  parts 

Gum  iu^abic 

110  " 

Glue  (l-^J-Tust,  Coop¬ 

er's) 

10  ” 

Water 

3000  " 

All  priming  mixtures  loaded  wot  aru  distinguished  by  having  the 
letter  added  to  tho  serial  number. 

Loading 

All  o;r.  orimontal  mixtures  are  loaded  on  standard  machines 
under  production  conditions,  standard  cups  and  anvils  being 
used  throughout.  The  pellets  are,  of  course,  foiled  with  sholl- 
ackod  paper  moist cnad  with  alcohol,  thu  anvils  being  insetted 
irimediatoly  aftox’Vard.  Thu  primers  arc  then  dried  at  110®  F. 
for  about  36  hours,  and  at  120®  F.  for  5  hours* 

Testing; 

After  th^  ^^rim^rs  havo  boon  dried,  a  quantity  of  cases  arc 
priuod  ^*/ith  tliom,  :,nd  the  primers  crimped  in.  Some  of  tho  primod 
cases  :ro  used  for  th^  drop-toot  to  dotormino  tho  sonoitivity  of 
tho  prin^rc.  Thu  drop-test  is  made  in  thu  usual  way  on  ^  standard 
lu^chine,  using  a  freely  falling  4  oz.  ball  dropped  from  various 
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heights*  The  ball  falls  upon  a  firing  pin  which  fires  ths  priaer. 
U.8.  Army  Specifications  require  that  all  .30  caliber  primers  must 
fire  when  the  ball  is  dropped  15  inches,  and  all  must  fail  to  fire 
when  the  ball  is  dropped  4  inches.  Under  well  controlled  man* 
ufacturing  conditions,  however,  it  is  possible  to  narrow  the 
range  of  sensitivity  considerably.  At  Frankford  Arsenal,  daily 
drop»tests  on  production  work  show  that  the  present  *30  caliber 
primers  fire  very  consistently  at  10  inches  and  miss  at  6  inches* 
The  results  of  drop^ests  on  experimental  mixtures  will  be  rep* 
resented  graphically,  sinoe  this  facilitates  the  comparison  of 
mixtures.  A  separate  graph  is  placed  beside  each  mixture,  showing 
tthe  number  of  primers  fired  vs.  height  of  drop  in  Inches.  For 
some  mixtures,  a  dotted  line  graph  is  also  drawn,  showing  the  num¬ 
ber  of  "squibs"  found  at  each  height.  A  primer  that  ignites,  but 
burns  so  slowly  that  no  report  is  heard,  is  counted  a  squib. 

Normal  primers  give  a  loud,  sharp  report. 

If  the  Sensitivity  of  experimental  primers  is  satis¬ 
factory,  a  hangfire  test  is  made  under  full  machine  gun  action, 
firing  two  bursts  of  from  50  to  100  rounds  each.  The  hangfire 
machine  consists  of  a  paper  disc  rotating  in  front  of  the  machine 
gun.  The  disc  rotates  four  times  for  each  round  fired,  the  speed 
being  maintained  at  approximately  1600  r.p.m.  The  bullets  pass 
through  the  disc  near  its  edge,  and  it  is  plainly  seen  that  if 
the  ammunition  is  functioning  perfectly,  all  the  bullets  will 
pass  through  the  same  hole  in  the  disc.  But  asmranition  never 
functions  perfectly.  The  separate  shots  always  have  slightly 
different  velocities  and,  as  a  result,  a  group  of  holes  will  be 
found  along  the  edge  of  the  disc.  According  to  Army  Specifications 
for  service  ammunition,  any  shot  that  lags  behind  the  first  shot 
in  the  group  by  more  than  108°  of  arc,  disc  speed  1800  r.p*m., 
shall  be  counted  a  hangf:>.re.  A  shot  falling  between  the  main  group 
and  the  108°  limit  is  oounted  a  lag.  For  aircraft  ammunition,  the 
requirements  are  more  rigorous.  Any  shot  that  lags  behind  the 
main  group  by  raore  than  27°  is  counted  a  hangfire.  But  the  results 
given  below  have  been  recorded  from  the  standpoint  of  service 
ammunition  specifications,  so  that  lags  will  be  recorded  up  to  108° 
beyond  that,  hangfirss.  In  order  to  determine  the  lag  of  the 
main  group  itself,  the  "zero"  position  must  be  determined  by  firing 
a  single  shot  with  the  disc  standing  still.  The  distance  from 
the  "zero"  shot  to  the  beginning  of  the,  main  group  then  gives  the 
lag  of  the  main  group.  In  tabulating  the  results  of  hangfire  tests 
on  experimental  mixtures,  abbreviations  will  be  used  as  follows t 

R  ■  Number  of  rounds  fired. 

Z  ■  Ug  of  main  group  behiiul  "zero"  shot,  in  degrees. 

G  ■  Spread  or  extent  of  the  main  group,  in  degrees. 


L  z  of  individual  3hot6  fj^llin^  behind  tho  a^.in  group 
not  oxco3ding  108^  behind  tho  beginning  of  the  n^in 

groupi  in  dogrooe. 

H  ■  Lag  of  individual  shots  falling  noro  than  108®  behind 
tiic  beginning  of  tho  i.uin  group,  in  dogroos, 

ilorcury  Fulrain^’.to  CoiApositions 

At  tho  tiiec  thoso  ux^criuents  "./oro  begun,  tho  laost 
r.ccnt  fuluinato  Qouposition  that  had  boon  worked  on  4t  tho 
Frankford  Arsen..!  was  known  as  tho  353-D  niixturo,  of  the  follo%7- 
ing  co;j;:ositioni 

Hg(0iC)2  80/  - 

Ba(iro3)2  200/  -  40/ 

Sb233  150/200  20'/ 

Pb(SCN)2  200/  -  5/ 

T.H.T.  5'/ 

hiany  of  tho  co...;' ositions  devolopod  since  havo  boon  hiodifica-  • 
tions  of  this  rftixture ,  and  so  353-D  v/ill  bo  roforrod  to  fre^ 
quently  as  the  basic  fulmindte  composition*  Its  charactorisxics 
'./ill  bw  found  in  Figure  1.  It  souov/hat  sonsitivo  froa 

tho  drop-tost  curvo,  and  the  nuuber  of  lags  oxhibitod  is  typical. 
Usually,  one  cr  two  harigfircs  will  appear  in  oach  100  rounds, 
although  this  is  not  a  regular  occuronco.  This  mixture,  then, 
sorved  as  a  starting  point  for  thoso  described  bolov/. 

^  •  Uso  of  Strontium  Nitrate  and  Lead  Nitrate  in  Place  _of 
Barium  Nit rat e.- 

It  has  long  been  a  favorite  divsrsion  of  people  working 
\  i  ’vith  priming  com^.ositions  to  attou  t  to  dotenvdno  tho  efficacy 

of.  i-.ixturwS  by  calculating  tho  amount  of  he.:..t  liberated  during 
explosion*  Recent  experiuenis  and  considerations,  to  be  pro- 
sonted  later,  suggest  that  a  pellet  liberating  15  calories  may 
b..  su^  orior  to  one  libor^vting  20  calories,  che  degree  of  '..xcol- 
loncQ  depending  upon  soveral  factors  of  unsuspected  importancG* 
Huv'ovcr,  the  benefit  of  this  later  experience  w^^s  not  aViAilablo 
during  the  early  GXpori..ient3,  and  two  mixtures  wore  made  in  an 
attempt  to  improve  353-D  by  using  nitrates  which  give  up  ox¬ 
ygon  with  loss  absorption  of  heat  than  barium  nitrate.  In  lib¬ 
erating  one  gram  of  oxygon,  barium  nitrate  absorbs  262  calorius, 
thoroby  cooling  thu  explosion  fli..mo  by  that  amount#  On  tho  other 
hand,  strontiiu;*  nitr...te  will  yield  tho  oame  amount  of  oxygen  with 
the  lose  of  234  calories,  and  lead  nitrate  will  absorb  only 
140  calorivss.  Strontium  and  lead  nitrates  v/uro  therefore  used 
in  35e-D  and  359-D,  rospoctivcly*  Tho  rjsults  aro  in  Firure  1. 
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In  the  drop  test,  one  pricer  f^om  each  lot  osplodod 

at  3”,  bui-  tiVvS  rajt’lt  ganiiot  be  ascribed  to  the  new  ingr*- 
dionts, since  the  t  lo  priuer  lots  are  actually  lois  sensitive 
than  3e3^D  at  4"  and  6”,  and  35‘i-D  is  less  sensitive  at  8”  and 
10".  The  han^fire  tests  also  shot/  that  nothin^,  has  been  gained 
by  using  nitrates  dth  uore  favorable  thenaan  properties.  The 
groups  are  narrow  enough,  but  the  tendency'  to  hangfire  has  not 
been  eliminated.  Lot  359^0  showed  no  serious  la^s  or  hangfires, 
but  the  one  misfirs  that  devclo^-ed  is  quite  as  bad  as  a  hang- 
fire.  Aftor  all,  a  misfire  is  simj.,ly  a  hangfire  of  infinite 
duration. 


Normal  lead  nitrate  would,  at  any  rate,  be  undesirable 
in  a  ^  ri'.eer  because  of  itc  acid  reaction.  It  is  understood, 
hcv/ever,  that  on©  of  the  loading  com-^anies  has  used  basic  lead 
nitrate  Vfith  so::©  success  in  i riming  compositions. 

2 •  Uso  of  Cuprous  Sulfccyanide  in  Place  of  Lead  Sulfocyanicle 

In  364-D,  cuprous  sulfocyanide  has  been  used  in  place 
of  the  lead  sulfocyanide  found  in  the  basic  fulminat©  ndxturo. 

The  drop  test  cind  lungiirs  test  (Niguro  2)  are  very  siudlar  to 
o53-D,  after  yards ,  anothsr  batch  of  the  cop^.  er  minturo  was 
pro^.ared  and  loaded  wet  (364-5?).  The  material  v/as  quite  unstable 
'When  moist  ana  required  rapid  loading  to  avoid  its  setting  to 
a  hat'd  cake.  Anothv-r  mixture  (365-W)  containing  15^  cuprous 
sulf ocy-wnide  was  prepared,  but  it  docouposed  too  rapidly  and  no 
priiiv^rs  could  be  charged  '.dth  it.  The  formula  for  364-./  is 
given  in  Fi^^ure  2,  while  385-"/  is  in  Figure  1. 

^ •  Fretreatmcnt  of  Barium  i/itrate 

During  tho  course  of  miscollanoous  oxperimoiits  on 
mixtures  of  various  oxidizin.,  agents  and  fuels,  it  became  ap-- 
parent  that  bariiua  nitrate  is  comparativoly  sluggish  in  yielding 
its  oxygon.  This  has  boon  generally  known,  and,  as  mentioned 
before,  is  usually  accounted  for  by  the  fact  that  in  tho  procoss 
of  iving  U;,  ono  gram  of  oxygon,  barium  nitr.  to  absorbs  262  cal¬ 
orics  of  heat  energy.  These  262  calories  are  entirely  lost  so 
far  as  flanc  tompertturo  is  concerned,  and  combustion  is  thereby 
retarded  to  some  extent. 

An  attempt  "1:^3,  th..reforv:.,  made  to  e.c  dvate  tho  barium 
nitreto  by  costing  the  crystals  '.;ith  a  sensitizing  material. 

The  m;thod  used  ’'as  to  dissolve  tho  sensitizer  in  ucotonu,  -./ush 
the  barium  nitrate  crystals  dth  thu  solui-ion,  and  then  dry  them 
on  tho  ste..m  bath.  A  potassium  ponoanganat 0  solution  {0,2%) 

■7„3  used  in  371-D  ; 'nd  372-D,  those  mixtures  differi'ng  in  the 
■_,r..nul:-.tion  of  b-riun  nitr^-to.  Three  other  i.ixtures  'yoro  i.m.do, 
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373-D,  374-D,  and  375-D,  in  which  solutions  of  T#U«T*|  P«S*T«N» 
(poirtaorythrite  tatrenitre.t^) ,  and  picric  Acid  \;6ro  usodj  re-^ 
spoctivoly.  ThosD  five  lots  aro  identical  in  couposition  with 
tho  basic  fulrainato  rai.:turo,  v/ith  which  th^y  should  bo  coUi^arod# 
The  results  in  Figures  2  and  3* 

It  is  apparent  at  a  glanco  that  no  improvoniunt  has 
boon  rnado*  On  tho  contrary,  an  unusual  nuiuber  of  squibs  have 
ap'  oarod,  and  tho  hangfircs  and  ^ro  vary  conspicuous t  In 

thw.  l^st  throQ  raixturos,  whoro  orf.anic  oxplosivos  woro  used  as 
sonsitizors,  a  marked  droi:  in  sensitivity  has  taken  place*  This 
is  just  tho  roverso  of  tho  offoct  these  materials  ha\o  on  chlor¬ 
ate  mixtures.  It  should  be  noted,  however,  that  those  five  sen¬ 
sitized  compositions  v/ero  loaded  dry,  and  have  not  boon  toetod 
as  v/et  mixtures,  . 

4 .  Use  of  Totr^^cono  in  Place  of  I-orcury  Fulminate 

Those  ';;hc  h^vo  worked  -/ith  totracene  (guanylinitros- 
aminop^uanyltutracono)  in  primers  do  not  rocomnond  its  use  as  a 
substitute  for  mercury  fuliuin..t0.  Neverthaloss,  one  mixture  was 
prep\-.red  in  \;hich  half  the  fulimLno.te  of  tho  basic  353-D  mixture 
v;^s  replaced  by  totrucone,  Tho  sensitivity  of  the  composition 
was  Xj-^paroiitly  uuimpairod,  but  in  the  hangfire  test,  thu  shots 
woro  ovenly  distributed  around  the  entire  disc.,  making  it  impos¬ 
sible  to  record  a  ’^group*’  or  **2<.ro’*.  Figure  3  shows  the  form-, 
ul ,  of  this  mixture  (354-W)  and  tho  results  obtained.  Tetraceno 
is  properly  used  only  uS  a  sensitizer,  and  some  results  obtainod 
using  t^traconc  in  this  capacity  will  appear  later, 

^ •  Load  Styahiiato  and  Load  Pierw^tQ  llixturos 

During  rocont  years  attontion  has  boon  brought  onco 
iiiorj  to  load  sty^hnato  as  a  primin^  ingrodiont.  This  has  boon 
largely  duo  to  tho  Rathsburg  patents  (5)  on  totracono  mixtures 
in  which  le^d  styphne.to  is  used  in  place  of  Dorcury  fulmdnato. 

Thu  normal  load  salt  of  sty;hnic  acid  is  used,  and  this  is  pre- 
par>:.d  by  prs>cipitaLing  a  solution  of  mat^oaiuia  styphnato  with 
load  nitrate.  Tho  magnesium  styphnatc  is  mado  by  allowing 
Lugnosium  tc  react  with  a  solution  of  styphnic  acid,  or  trini* 
troroeorcinol.  This  method  permits  easy  control  of  tho  crystal 
size  of  lead  styphnate,  and  is  the  gonerc^lly  favored  procedure. 

A  small  quantity  of  load  styphnatu  \/a£  obtained  from 
tne  Acmin^^ton  ^rme  Componiy  for  experimental  priming  compositions. 
It  was  U3ud  toi^, other  with  mercury  fulrainato  in  tv/o  mixtures, 

38b-D  and  386-lf,  in  order  to  discover  v;hother  a  largo  incroaeo 
in  th^  heat  of  tha  ^rinur  flame  would  improve  matters.  It 
should  bo  pointed  out  that  lead  styphnate,  lake  mercury  fulmin¬ 
ate,  is  in  itself  a  high  explosive.  Figure  4  shows  the  results 
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HeCONcrg  80/- 
BalNOgjg  200/- 
SbgSg  lSO/200 
CuSCN  £00/- 
Wf  100/- 


3fc4-U 


|.^(dhb)2  eo/- 

^inoene  10^/- 
8»{ir0g)gyioo/- 
SbgSg  1S0/2C 

Pb(SCN)2  200/> 
SOT  100/- 


Shots  erenly  diitribu^ 
over  360*.  Wo  group  W 
zero  recorded* 


3  nlsflres 


Ooap6«ltion  as  388-D 


g 


o"  -4'  a^'”  « 


hlA:.l 


R  Z  C  L  H 

50  45»  17'  -  290* 

13  misfires;  primers 
burned  but  did  not  Ignlta 
charce.  Test  dlsoon* 
tlnued. 


moixait  80/- 

Pb  plorat*  180/- 

MJtOala  150/200 

8b|^3  200/- 


Same  oonposltlon  as  376-D 


On  examining  the  sensitivity  evtrveSf  353*3-0  appears 
to  be  the  cost  satisfactory*  It  is  quite  remarkable  that 
barium  nitrate  of  150/200  mesh  and  antimony  sulfide  of  200/- 
zaesh  should  be  the  best  granulations  to  use  in  this  ty^e  of 
mixture.  V/hen  the  granulation  of  either  of  these  ingredients  is 
changed  I  the  sensitivity  is  appreciably  lowered*  The  least 
sensitive  combination  is  353-5-D)  '.^here  both  are  200/-  mesh* 

Let  353-3-D  also  gave  the  most  satisfactory  hangfire  testy 
although  a  slight  tendency  to  lag  still  exists* 

•  Varying  the  Ratio  Between  Lead  Sulfocyanide  and  Antimony 
Sulfide 


In  the  basic  353-D  mixture,  the  antimony  sulfide, 
lead  sulfocyanide,  and  T*N.T.  are  comuonly  regarded  as  fuels, 
although  some  question  might  be  raised  as  to  the  exact  function 
of  T.N.T.  It  is  reasonable,  however,  to  viev;  these  materials 
as  being  consumed  in  the  atmosphere  of  oxygen  which  the  barium  ' 
nitrate  is  3up;^.osed  to  provide.  It  is,  therefore,  quite  prob¬ 
able  that  they  \/ill  not  be  of  equal  value  as  fuels,  but  that 
one  of  them  will  be  more  effective  than  the  others. 

In  order  to  Investigate  this  point,  a  mixture  was 
prevared,  378-D,  which  wus  practically  equivalent  to  353-D 
minus  the  lead  sulf ocyanide.  A  glance  at  Figure  6  shows  that 
the  sensitivity  has  suffered  a  marked  drop,  and  that  the  hang- 
fire  test  is  still  very  poor. 

These  results  indicated  that  lead  sulfocyanlde  may  be 
of  considerable  importance  a.,  a  fuel.  The  proportion  of  lead 
sulfocyanlde  v;as,  therefore,  increased  in  381-D,  381-W,  382-A, 
and  382-W.  The  granulation  of  the  barium  nitrate  and  antimony 
sulfide  was  altered  in  these  mixtures  to  conform  with  353-9-D, 
in  view  of  .ho  findings  reported  above  concerning  the  optimum 
granulation  for  these  ingredients.  Obviously,  the  mixtures 
3C1-D  and  382-D  must  be  compared  with  353-3-D,  and  in  order  to 
compare  the  wet  mixtures  381«'>/'  and  362-W  with  353-3-D,  this 
composition  was  loaded  wet,  giving  353-3-'.7.  In  figures  7  and 
8  will  be  found  these  six  lots,  three  wet  and  three  dry,  show¬ 
ing  the  effect  of  increasing  the  lead  sulfocyanlde  from  5/J  ts 
10^  and  the  antiiiiony  sulfide  being  decreased  correspondingly. 

353-3  and  361,  the  wet  mixtures  ere  sem'^what  more 
sensitive  tlLn  the  dry  mixtures,  but  in  362  both  wet  and  dry 
.aixtures  are  equally  sensitive.  By  compariiig  the  number  of 
squibs,  lags,  and  hangfires  from  these  six  lots,  on  Intorasting 
point  can  be  made. 
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It  is  plainly  sean  from  Table  1  that  the  functioning 
of  the  wet  mixtures  is  iu}.roved  increasing  the  aonount  of 
eulfocyanide  ..resent t  while  the  dry  .^tures  tend  to  grow  worse. 
This  is  an  interesting  result  for  which  no  explanation  has  been 
found . 


Some  doubt  began  to  be  felt  at  this  tiu^  about  the 
actual  value  of  antimony  sulfide  in  this  ty^e  of  primer.  So 
another  composition  was  loaded,  both  wet  and  dry,  containing 
no  antiuonp  at  all.  The  T.M.T.  was  also  ouitted,  since  pre¬ 
vious  experiments  had  shown  it  to  tend  to  desensitize  this 
type  of  priming  composition.  The  fulminate  was  maintained  at 
30^,  and  an  approximate  oxygen  balance  ws  held  between  the 
barium  nitrate  and  lead  sulfocyanide.  The  mixtures  are  396-D 
and  39b-7. 


The  results  in  Figure  6  sho”;  a  striking  difference 
between  the  '.'et  and  dry  mixtures.  The  hangfiro  teat  on  396«t0 
was  discontinued  after  75  rounds,  since  no  seoo  or  group  could 
bo  recorded.  One  lag  at  28®  was  recorded  for  396-W.  The  low¬ 
er  sensitivity  of  396-W. at  10"  and  15"  may  be  discounted,  for  an 
excessive  amount  of  gum  had  been  used  in  mixing,  and  the  pellets 
were  unusually  herd. 

The  results  from  this  series  of  priming  mixtures  seem¬ 
ed  to  indicate  that  fulminate  compositions  of  high  sulfocyanide 
content  could  be  easily  sensitized  merely  by  wet  mixing.  It 
was,  therefore,  decided  to  try  some  compositions  containing 
lass  mercury  fulminate.  iJjcture  389  was  prepared  with  20^ 
fulminate,  the  ratio  between  barium  nitrate  end  lead  eulfocyanide 
being  adjusted  for  oxygen  balance.  This  composition,  when 
loaded  '■lat  and  dry,  shov/ed  in  even  moro  marked  degree  the  sen¬ 
sitising  effect  of  wet  mixing.  Figure  9  shows  the  results  for 
389-W  and  389-D.  No  lags  or  hangflrss  were  obtained  with  389-W. 
It  should  be  noted,  however,  tliat  one  squib  was  produced  in  the 
dro.>  test  at  8",  indicating  that  the  lower  limit  for  mercury 
fulminate  content  had'  probably  been  reached. 

,  In  order  to  obtain  a  series  of  priming  compositions* 
showing  fully  the  effect  of  varying  the  quantity  of  SMreury  ful- 
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ulnut*  praaenti  t';io  uore  zdixtures  vara  praparedt  4C1»7)  vrlth 
15^  fulisinataf  and  402-W»  vdth  2's%  fulmlnata*  Thaaa  vere 
not  loadad  dr^'»  aince  tha  dlffaronce  bat'wean  dry  and  vet  load¬ 
ing  for  this  type  of  coupoaition  had  bean  well  demonatrated) 
and  it  waa  knov/n  that  dry  loading  vould  only  reault  in  aquibs 
and  hangfirea.  It  a.  pears  imuadiately  froia  Figure  9  that  15fo 
aereury  fulminate  is  entirely  too  lov^  and  that  20^  iS)  as 
suTuieed,  the  lower  lisiit  for  this  ingredient.  On  the  other 
h^.nd,  the  Zb%  fulminate  mixture  (402r'V)  functioned  belter  tlian 
either  the  20^^  (38S-W)  or  the  30^  (396~ff)  mixture  (Figures  8  and 
9).  The  group  and  the  zero  of  the  mixture  are  80'.>e-,vhat 
Sioaller  tlian  the  group  and  zero  of  the  20jJ  and  30/i  mixtures. 
Furtheraore,  402-'J  shows  no  squibs  and  no  la^s  or  hangfirea. 
Evidently,  this  type  of  three-component  mixture  functions  best 
with  20y!i  -  25/0  mercury  fulminate.  Its  functioning  at  this 
piint  is  cou;p.*rable  with  that  of  the  standard  F.A.  70. 

8.  Zirconium  Mixtures 


During  recent  months  the  use  of  metallic  zirconium 
in  piiming  compositions  h^s  been  ^^iven  serious  consideration. 
TIds  metal  is  'nov/  available  in  a  finely  powdered  form  in  ton- 
na,j,e  lota,  and  at  le^st  one  loading  company  has  made  extensive 
experiments  with  it.  Accordingly,  the  investigation  of  this 
material  as  a  prirdng  ingredient  v/as  begun  at  Frankford 
Arsenal,  and  the  results  on  sixteen  compositions  are  given 
below. 


Previous  eXiOriueats  have  shown  that  the  353-3-'./ 
composition  is  progressively  improved  by  the  substitution  of 
lead  auliocyanide  for  antimony  sulfide.  The  same  procedure  "vas 
lied  in  testing  zirconium,  the  first  mixture  prepared  was 
equivalent  to  353-3-’.?  with  half  the  antimony  sulfide  replaced 
by  zirconium.  This  mixture  is  hno'im  as  391-./,  and  the  resulte 
-re  given  in  Figure  6  in  comparissn  with  353-3-W.  A  murked  rise 
in  the  sensitivity  curve  can  be  seen  as  well  as  a  decrease  in  the 
number  of  lags  and  l'.angfires. 

A  series  of  mixtures  was  next  prepared  in  •■/hich  the 
zirconium  was  progressively  increased,  and  the  antimony  sulfide 
entirely  eliminated.  The  ...ercury  fulminate  was  maintained  ..t 
2C^. ,  and  the  barium  nitrate  and  leud  sulfocyanide  were  adjusted 
to  give  an  oxygen  balance  with  the  zirconium.-  Complete  details 
of  tho  resulGS  will  be  found  in  Figures  9,  10,  and  11,  but  T.-ble 
2  ’."ill  be  found  more  convenient  for  coa^.arinr  the  results  of 
the  ht.n^fire  tests. 
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The  functioning  of  these  mixtures  is  aimilar  to  the  functioning 
of  3&9-W|  th3  b..sic  composition  for  this  aeries  (see  Figure  9). 

A  noticeable  narrowiiijj  of  the  grou..  occurs  as  the  zirconium  reach- 
es  lO^t  but  at  and  37.2^  somewhat  broader  grou^.s  can  be 
observed.  Ho'.veverf  this  effect  is  not  conclusivsi  and  too 
much  importance  should  noc  be  attached  to  it.  The  sensitivity 
shov/s  a  general  tendency  to  decxease  us  the  Kirconium  content 
iiicrcuses,  although  this  i.^y  be  due  to  the  extreme  fineness  of 
the  zirconium  povder.  It  is  interoetiiig  to  note  in  Figure  10 
tiiut  in  attempt  to  load  the  zirconium  mixture  dry  (393-D) 

'VaS  quite  unsuccessful.  The  sensitizing  effect  of  v/et  loading 
is  very  u^.parent  in  this  ty^-e  of  mixture. 

The  10/^  and  ZOf.  zirconium  mixtures  were  used  in  another 
series  of  tests  to  determine  v/hether  the  amount  of  mercury 
fulminate  usod  could  be  changed  vith  advantage.  The  results 
obtained  by  varying  the  fulminate  from  15^  to  on  the  10^ 
and  Z0%  zirconium  mixtures  are  given  in  Figures  10)  11)  12)  and 
13.  The  results  of  the  hangfire  tests  are  tabulated  in  Table  3* 
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Lags  Hangfires 

15 

409-W  . 

75 

470 

6° 

none 

none 

ti 

46 

470 

70 

ft 

» 

20 

403-V/ 

75 

42° 

e*’ 

ft 

ft 

75 

420 

8° 

II 

If 

25 

■ilO-W 

75 

45° 

6° 

It 

ft 

■  49, 

45° 

90 

If 

ti 

Zirconium  ■  20% 

15 

411-’^ 

75 

42° 

15° 

90^ 

280° 

75 

420 

140 

300 

300° 

75 

48° 

11° 

16^ 

75 

49° 

13° 

20 

394-W 

100 

42° 

6° 

none 

none 

100 

42° 

6° 

If 

H 

25 

412-<7 

75 

40° 

13° 

19° 

75 

42° 

13° 

75 

46° 

10° 

23° 

3350 

75 

46° 

100 

Apparently 

the  10> 

zirconium  mixture 

is  unaffected  by  relatively 

•.vide  cl'c.n-g 

es  in  the  i'ulminate 

content 

.  On  tha  other  hand,  ld„9 

and  hdii^^fires  aro  very  cons^.icaoua  when  the  fulminate  is  incree- 
sad  01'  decrees jd  in  the  ^O'o  zirconium  mixture.  The  indications 
are  that  in  this  ty^  e  of  co.. position  the  best  perf orh^anc e  cor¬ 
responds  to  •  certain  critical  ’’concentration"  of  fulminate,  and 
that  functioning  is  seriously  inyairsd  by  increasing  or  dacreo-sin,; 
this  concentration. 

The  effect  of  changing  the  granulc.tion  of  the  barium 
nitrate  in  zirconium  nixturea  v/.  s  invest itnted  for  403-  I  and 
SSl-W.  Lots  419-./  u.nd  420-./  woro  propared  identical  in  compos¬ 
ition  with  403-W,  excopt  theit  150^00  and  100/150  barium  nitrate 
was  used,  rosy ocfcively.  The  results  in  Figure  14  show  that 
barium  nitr..-.t6  coarser  tlian  2G0/-  cannot  be  usod  in  403-J. 
Similarly,  a  mixture  known  as  421-'.f  was  ..repared  identical  ’./ith 
3C4-'/,  except  that  150/200  barium  nitrate  was  usad.  Again,  the 
results  in  Figure  15  show  that  very  fine  barium  nitrate  is 


C^o  oonpooltiOD  oo 
osoopt  that 
SC9/G00  cooh  barlun 
'  oi^ro^o  uQo  uocd. 


orapooltlon  00 
CG^^f  osoopt  thot 

X63/liJB0  Dooh  barlun 
Dltrato  cao  uocd. 


MoesMry  tor  this  type  of  oompoeliioit* 

It  la  intareeting  to  note  that  the  senaitlvity  ourvas 
for  theaa  three  mlxturea  show  them  to  be  somewhat  more  eeneltive 
than  their  parent  mixtures  at  6"  and  S"}  but  at  10”  two  of  the 
mixtures  (490»7  and  421-W}  are  less  sensitive  than  the  parent  ' 
mixtures*  As  a  matter  of  fact*  all  three  mixtures  were  less 
sensitive  than  their  parent  mixtures  under  full  machine  gun 
actloui  for  in  the  hangflre  test  four  misfires  were  recorded  for 
419>W  and  420-W  and  five  misfires  for  421>W. 

Ihe  tendency  toward  leaky  primers  is  characterlstio 
of  zirconium  mixtures  containing  more  than  10^  of  this  metal* 

This  is  a  serious  defect  which  would  have  to  be  eliminated 
before  this  type  of  mixture  could  be  considered  for  service 
ammunition. 

9*  Varying  the  Granulation  of  the  Mercury  Fulminate 

It  has  been  known  for  some  time  that  coarse  mercury 
fulminate  is  more  sensitive  to  impact  than  fine  fulminate  (^)* 
This  I  oi'  courssf  applies  only  to  the  pure  material.  To  determine 
whether  the  same  rule  applies  to  mercury  fulminate  priming  mix» 
tures,  it  was  decided  to  load  353-*3  both  wet  and  dry  with  150/- 
fulminate  instead  of  the  60/~  material*  The  resulting  two 
mixtures  are  known  as  353-6-D  and  353’>6«*W}  and  the  data  obtained 
with  them  are  given  in  Figure  16  in  comparison  with  353»3~D  and 
353”3“W. 

\ 

The  sensitivity  of  the  wet  roixture  of  150/*  mosh  ful¬ 
minate  shows  a  slight  increase  at  4”y  although  tills  is  not  neo- 
essarily  significant.  The  squibs  obtained  with  the  dry  80/- 
meeh  mercury  fulminate  mixture  show  up  again  in  the  dry  150/- 
mesh  fulminate  mixture.  Furthermore >  the  sensitivity  of  the 
dry  mixture  of  150/-  mesh  fulminate  has  dropped  to  a  very  marked 
degree  at  6”  and  8".  The  hangfire  tests  show  that  both  150/- 
mesh  mixtures  are  distinctly  inferior  to  their  parent  mixtures. 

The  next  experiments  along  this  line  ware  made  on  401-Wf 
369-Vf|  and  402-W  v/hich  represent  y  in  the  order  giveuy  a  mercury 
fulminate  content  of  IS^y  20^y  and  25^y  80/-  material  being  used 
on  all  three.  Six  new  compositions  were  prepared  by  using  80/l50 
and  150/-  fulminate  in  each  of  these  three  mixtures  In  place  of 
the  60/-  material.  The  relation  between  those  six  lots  and  the 
three  parent  mixtures  from  which  they  derived  is  shown  in  Table 
4. 


-  IS 


mAJj. 

OraBulatioB  of  fttlminate 


Fulminate  (1L) 

80/150 

15p/- 

15 

401-? 

413-rf 

414-/ 

20 

389-./ 

415-? 

416-*' 

25 

402-./ 

41T-W 

418-? 

Tho  rdsults  given  in  Figures  17)  18)  and  19  shot? 
clearly  that  the  seneitd v't+v  of  the  15^  and  20^  fulminate  com,- 
positiona  is  very  much  lower  when  either  fine  or  course  fulminate- 
is  used  exclusively.  In  the  drop  test)  413-W  and  414-’7  produced 
more  squibs  than  fired  primers.  Lots  415-'.?  and  416-W  v;ere  also 
vei  y  poor  in  the  drop  test  when  compared  with  389-./.  The  general 
performance  improves,  however,  as  the  mercury  fulninate  is 
increased,  and  in  417-./  and  4i8-.7  the  drop  test  was  considered 
good  enough  to  warrant  a  liangfire  test.  But  even  417-’./  and  418-./ 
showed  a  somewhat  lower  sensitivity  than  402-?,  from  which  they 
were  derived. 

The  hangfire  results  on  417-',/  and  410-W  are  unfavor¬ 
able)  whereas  the  parent  mixt’.re)  402-?)  functioned  satisfactorily. 

It  mil  be  noted  that  the  proportions  of  barium  nitrate 
and  lead  sulfocyanide  used  in  413-?,  414-*/,  415-W)  and  416-  / 
are  not  quite  the  same  ..-.s  in  401-W  and  369-./,  with  which  they 
have  been  compared.  This  is  due  to  an  error  in  weighing,  but 
it  is  not  cdnsidered  ssi ious  enough  to  invalidate  the  comparison 
or  the  conclusions  to  be  drawn  from  the  results. 


Fotassium  Chlorate  Com.:osition8 
1 .  Pretroatment  of  Fotassium  Chlorate 

Experiments  on  the  pretreatment  or  activation  of 
barium  nitrate  in  fulminate  compositions  have  already  been  de¬ 
scribed.  The  same  kind  of  ex^eri  ent  was  m£.de  on  the  F.A,  70 
co...poaition,  in  which  the  ^:.otct8siui.’i  chlorate  was  washed  v/ith 
0.2;'  K'nO^  in  acetone  and  then  dried  on  the  water  bath.  This 
mixture  is  kno  m  as  370-7,  the  results  of  which  appear  in  Figure 
20  in  comparison  with  F.A,  70. 

The  sensitivity  of  370-’./  appears  to  have  dropped 
sli^^htly  at  lO".  Otaerwise,  very  little  effact  can  be  noted. 

The  some’vhat  smaller  uiid  lower  zero  of  370-«/  are  not 

decisive,  since  the  ,  rou^  for  F.A.  70  may  vary  from  4°  to  7^ 
and  the  zero  fro*  44*^  to  47°. 

Unless  otherwise  indicated,  the  granulation  of  In- 


-  U  • 


gredittBtfl  in  chlorate  eoupositions  is  the  same  as  required  by 
epeoifications  for  the  r*A*70  eoupoeitioni  listed  on  Page  31* 

2*  Tetracene  fixtures 


Tetraoena  was  used  as  a  sensitizer  in  two  chlorate 
cdxturesi  with  and  without  T»H.T*  The  results  are  given  in 
Figure  20  under  356-’:T  and  357-Wt 

As  shown  by  357-\7y  tetracene  cannot  be  used  as  a 
substitute  for  T.N.T.  in  chlorate  oixtures.  The  sensitivity 
curve  shows  a  markod  dro.  at  10")  t7hile  the  haA^fire  test  is 
unaffected.  For  SSb-ViT)  where  both  T.K.T.  and  tetracene  were 
used)  there  is  no  noticeable  change  in  either  drop  test  or 
hangfire  teat , 

Two  additional  luixturas  were  prepared  containing  10/J 
and  15^  tetracene )  but  it  v/as  found  impossible  to  rub  them  into 
the  charging  plates  properly.  Tetracene  is  an  extremsly  fine) 
bulky  aatsrial)  and  the  mixtures  formed  a  mush  vihen  moistened 
with  gum  solution.  Fxperiiuenta  with  tetracene  in  the  F.A.  70 
mixture  have  been  abandoned. 

3 •  VaryinR  the  ilranulation  of  the  Potassium  Ghlorat e  and 
Anti...ony  Sulfide 

Specifications  for  the  F.A.70  priming  composition 
require  that  the  s ieve  fractions  for  each  Ingredient  slmill  be  as 

f ol lows  t 


Potassium  Chlorate. 


Through  80  mesh  sievO)- 
«  150  "  "  - 

"  200  " •  " 


At  least  99% 
Approximately  50^ 
Hot  more  than  20^ 


Antimony  Sulfide; 


Through  100  mesh)  on  150  ;^osh)-  33.3y<, 

«  150  "  "  200  "  -  33.3). 

"  200  "  -  33.3). 

^ad  Sulf ocvanide. 

Throu;^h  150  mesh  sieve)-  100). 


"  200  "  "  -  at  least  95j£ 

Trinitrotoluol  (T.N«T)» 

Through  100  mesh  sieve)- 


100^ 
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i»c;5oi-i..lr..j  to  theso  ra^uirementsi  some  variation  is 
allowed  in  the  sieve  fractions  150/200  and  200/-  for  the  peidesium 
eUorate.  To  determine  the  effect  such  a  variation  might  have 
on  the  functioning  of  the  jrrlQeri  nine  mixtures  were  prepared* 

The  granulation  of  both  potassium  ohlerate  and  antimony  sulfide 
were  varied  through  three  sieve  fractions;  100/l50,  150/200) 
and  200/^f  all  nine  of  the  possible  comblnctions  being  used. 

The  granulation  of  the  lead  sulfocyanide  and  T.l'I.T.  was  constc^nt 
and  the  composition  of  the  mixture  was  equivalent  to  the  F,A.70. 
Turning  to  Figure^  21,  22,  and  23,  Lota  379- J  to  379-9-W,  it  will 
bo  seen  that  it  is  difficult  to  draw  any  .tiiiiit'’  conclusions 
from  either  the  dro^-test  or  the  hangfire  teat.  The  slight 
difierences  shown  by  the  nine  iaixtures  are  no  greater  than  the 
variations  encountered  in  daily  yroduction  where  the  grc.nulationa 
are  comparatively  constant.  In  the  dro,  list,  all  nine  mixtures 
fii  ad  at  lO"  and  failed  at  4”.  In  the  han  fire  tests,  the  groups 
Varied  from  4°  to  8*  and  the  zeros  from  42°  to  48°. 


This  is  a  remarkable  result  in  view  of  the  ..ide  range 
in  t  6  granulations.  However,  in  the  light  of  some  later 
experiments,  the  explanation  is  quite  simple.  These  experiments 
to  be  described  later,  indicate  that  ignition  in-, 
the  7,k,  70  comp^osivion  begins  between  the  potassium  chlorate 
and  lead  sulfocyanide.  The  flame  from  those  two  ingrodionts 
s^jreads  rabidly  throu(_,h  the  pellet,  and  it  is  only  in  the 
later  stages  of  coa’ustion  that  ths  antimony  sulfide  beconoa 
involved.  Thus  the  ;,rauulation  of  the  antimony  sulfide  can 
hardly  influence  the  functioning  of  the  primer  to  any  great 
extent,  dthin.a  reasonable  range  of  granulation.  The  pOtasaium 
chlorate,  on  the  other  hand,  dissolves  in  the  gum  solution,  and 
when  the  mixture  ia  finally  dried,  the  chlorate  crystallizes  out 
in  the  form  of  exceedini^ly  Tine  crystal^. .  Tho  result  of  this 
is  that  each  yarticlo  of  material  in  tho  p'ellot  is  oncaasd  in  a 
film  of  dry  gum  coitaining  fine  crystals  of  chlorate.  It  is  plain 
ihon,  tliat  the  granulation  of  the  chlorato  in  contact  with  the 
Is.  d  sulfocyanide  ia  fairly  constant,  no  matter  how  the  granul¬ 
ation  is  chosen  before  mixing.  Thsrefore,  in  all  of  the  nine 
mixtures  yre^ared,  the  granulations  of  the  two  miderials  which 
L.r  3ly  govern  sensitivity  and  speed  of  combustion  were  not 
Varied  at  all.  The  coxist-acj  of  the  results  cenfirms  this  view. 

3onie  interesting  results  ware  obtained  by  varying 
the  <ranul„.,ions  of  tha  potassium  chlorate  and  antii’.ony  sulfide 
in  dr:  mixturas  of  the  r’.A.  70.  It  is  ,.luin  that  the  resulta 
given  in  Figure  23,  Lots  3oC-D,  380-2-D,  and  380-3-0,  shov/, 
the  effects  of  dry  loading  rather  than  the  effects  of  changes  in 
granulation.  La-^s  and  hangfires  are  much  in  evidence  and  the 
groups  iiave  broadened  considerably.  The  ballistic  excellence  of 
the  F.a,  70  is  evidently  dependent  upon  wot  loading. 
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KC19<  ICO/ISO 
SbgSj  100/150 

Pb(SCN)£ 

•mr  • 


JOCIO3  100/150 
Sb^3  150/200 
Pb(SCK)2 
TOT 


KCIO3  100/150 
Sb^Sg  200/- 
Pb(SCN)g 
IMT 


FICTRK  81 


'|!^105  180/800 
;-li«ijK8g  180/800 

:'li|ICN)2 

i 

.-WT 


IDC^Oa^  180/800 

SbgSj  800/- 

fb(SCN)£ 

TOT 


360-H-D 


W--^W 


mmm 


1 7 Bran  kbss  esss  d 


otC-5-u 


IECIO3  £00/- 

52  5i 

SbgSg  1SO/2CO 

17 

n(scN)2 

25 

100  41*  e« 

100  41*  11* 


100  43» 

50  45* 


C  L  H 
5*  10* 


100  41*  8*  9E*  ‘  U5* 

HI  43*  !!• 


4.  r.ie  Rolativa  toortaiice  of  Aatli^ony  Sulfido  and  Lead 
Sulfocyanlde  in  the  F«A«  70  Mbctw 

The  Interesting  results  obtained  by  eliminating  an¬ 
timony  sulfide  from  mercury  fulminate  compositions  led  to  some 
similar  experiments  'vith  the  F.A.  70  co^uposition.  Mixtures 
397-W  and  397-2-W  contain  only  potassium  chlorate |  lead  sulfoc- 
yanidOi  and  T*N/r.  The  chlorate  in  397-'J  is  finer  than  in 
397-2-#*  and  contrary  to  the  results  obtained  v/i'th  the  397 
series  ef  mixtures,  a  definite  drop  in  sensitivity  at  10"  and  8" 
occurs  in  the  mixture  containing  the  coarser  chlorate.  The 
results  are  given  in  Figure  24. 

Two  additional  mixtures  were  prepared  without  T.IT.T., 
containing  only  potassium  chlorate  and  load  sulfocyanide.  Fine 
chlorate  was  used  in  398-W,  and  somewhat  coarser  chlorate  in 
396-2-'J.  Again,  a  drop  in  sensitivity  at  10”  and  8"  occurs  in 
the  mixture  containing  the  coarser  chlorate  (Figure  24).  The 
sensitizing  effect  of  T.N.T.  on  potassium  chlorate  is  at  once 
apparent  on  comparing  398-'.7  with  397-W  and  396-2-'J  with  397-2-V/. 

The  groups  from  tho  haiigfiro  test  on  398-W  are  some- 
v/h..t  broad,  hut  otherwise  the  functioning  is  good  on  all  four 
of  these  mixtures  from  vhich  the  antimony  sulfiao  has  been 
eliminated.  The  han^^fire  tests  on  397-./,  397-2-iV,  and  398-2-.7 
are  quite  ws  good  as  the  hangfire  tests  on  F.A.  70  from  daily 
production. 


So  far,  experiments  vrf.th  hotli  chlorate  primers  and 
ful..;inate  primers  indicate  that  load  sulx^ocyanide  is  of  greater 
Value  as  a  fuel  than  antimony  sulfide.  In  order  to  test  this 
iioa  further,  t7'0  additional  mix+ures  -.vere  prepared,  405'7  con¬ 
taining  potassium  chlorate,  antimony  sulfide,  and  T./'.T.,  and 
406-W  containing  only  potassium  chlorate  and  antimony  sulfide. 
It  can  be  judged  from  Figure  25  how  very  insensitive  these 
coi,.^. ositions  are.  But  oven  in  those  mixtures,  the  marked 
sensitizing  effect  of  T.N.T.  on  potassium  chlorate  is  apparent. 
It  should  bo  noted  that  406- .7  is  very  nearly  tho  same  as  the 
,  rimitive  mixture  used  by  Droyso  a  hundred  years  ago. 

/ 

The  unim  ortance  of  antimony  sulfide  as  a  fuel  vns 
indicated  several  years  ago  by  tho  experiments  of  A.  S.  Cushman 
(6)  in  which  it  \'a8  found  that  lead  and  iron  sulfides  could 
bo  successfully  substituted  for  stibnite.  However,  the  full 
meaning  of  this  hiyhly  su^gwStive  result  esca. od  notice,  and 
littlo  effort  has  been  made  to  use  a  definite  cho;-ical  com¬ 
pound  in  ^.liioe  of  -he  ^..ineral  of  uncertain  properties. 
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KClOg  lEO/200 
Pb(SCNig 


blazol  eo/- 
BaCKOgJg  £00/- 
Pb(SCN)g  200/- 


Wonccrrotlve  Won-fulialnate  Coaposltloni 


1.  Rathsburg  CoPvoeltlon 

The  Rathsburg  patents  mentioned  previously  (S)  have 
recently  revived  Interest  in  nonoorrosive  compositions  contaiaing 
no  mercury  fulminate.  These  compositions  depend  principally 
on  the  normal  lead  salt  of  trinitrore30rcinal»  or  styphnic  acid 
for  their  effectiveness,  and  it  is  specified  that  teti_cene 
(gUc.nylnitrosaniinog,uanyi  tetracene)  be  used  in  small  quantities 
to  sensitize  the  mixtures  ^roperly.  Lead  styphn^te  is  rel¬ 
atively  insensitive  when  used  in  ordinary  prop  ortions  (30/o  to 
40^.)  in  barium  nitrate  mixtures. 

It  Imis  been  shown  tliat  tetracene  is  not  an  initiator 
in  priminp  compositions  in  the  sense  tliat  mercury  fulminate 
is  an  initiator.  It  has  also  been  shown  tlsat  tetracene  will 
not  sensitize  potassium  chlorate  com^.ositions  in  the  way  T.P.T. 
sensitizss  them.  It  was,  therefore,  co^isidered  desirable  to 
examine  the  'roperties  of  tetracene  in  lead  sty^hnate  mixtures. 

The  lead  stp-phnate  used  in  the  experiments  was  furnished  by  the 
Reiain2.ton  .irms  Co.  Apparently,  it  had  been  prepared  from  magnesium 
sty^hnat;  and  lead  nitrate,  as  it  had  the  characteristic  brown, 
sandy  appearance  which  this  method  of  preparation  gives  it. 

T-;'o  mixtures  v/ere  ^.repared  after  the  formula  given  in  the  Raths- 
burg  patent,  in  one  of  which  the  tetracene  had  been  omitted. 

Each  of  these  v/ae  loaded  both  v/et  and  dry,  so  that  a  total 
of  four  con,  ositions  -/ere  studied.  Figure  26  shov/s  the  results 
from  3S6-W  and  386-D  (-ith  tetracene)  and  367-i7  and  387-D 
(without  tetracene.) 

The  remarkable  effect  of  only  3^  tetracene  is  at  once 
evident.  The  mixtures  v’ithout  tetracene  ware  so  Insevsitive, 
tlij  hangfire  test  was  omitted.  The  deleterious  effect  of  wet 
loauiing  on  lead  styphnate  iwi;:ture3  is  again  apparent  in  both 
363  and  367 .  This  effect  liad  been  observed  previously  in 
fulminate  mixtures  containing  lead  styphimite  (see  386-D  and 
3&&-i/,  Fig.  4). 

The  3ii..ilarity  bet’veen  lead  styphnate  and  lead  pic- 
rate  suggested  that  the  latter  compound  might  serve  in  this  type 
of  composition.  Accordingly,  lots  383  and  387  were  duplicated 
usine,  basic  lead  picrate  in  ^.lace  of  lead  styphnate.  These 
mixtures  vers  also  loaded  -  et  and  dry.  As  shown  in  Figure  27, 

360-7  and  360-D  were  ^  repared  with  s>%  tetracene,  and  363-V/  and 
363-D  contained  no  tetracane. 

The  sensitizing  action  of  tetracene  is  again  very 
..renounced.  Furthermore,  the  desensitising  effect  of  wot  loading 
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Tetracene  lOO/r 


150/-  38  ^  ^ 

1*"  ’  •*  ' 
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m 

J.50/800  38 

m 

^  .  . 
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It  is  not  knorrn  'jhethor  the  fl^e  flashing  out  in  all  dirootlons 
froQ  under  the  anvil  point  is  conLiunleated  to  the  remainder  of 
the  pellet  or  not.  It  is  quite  probable  that  the  aechanical 
force  of  the  flame  from  under  the  anvil  point  merely  shatters 
the  rest  of  the  pellet  and  blov's  the  ingredients  out  through  the 
flash  hole  into  the  cartridge.  In  this  case  the  individual- 
particles  '.70uld  undoubtedly  derive  considerable  boat  from  the 
flame,  and  nifeht  play  an  iu,  ortant  .art  in  igniting  the  po\.’der 
charge.  At  any  rate,  it  is  certain  that  particles  of  solid  or 
moltou  material  are  always  ejected  by  primers,  for  they  can  be 
C;. light  upon  microscope  slides  and  examined.  Tho  number  of 
particles  or  droplets  and  their  degree  of  subdivision  vary  with 
differont  primers,  and  eom.etiiuos  in  the  same  primer.  These  . 
particles  may  or  may  not,  according  to  their  size,  roach  the 
tomporaturo  of  tho  hot  gasos  comprising  tho  flame. 

The  ballistic  properties  of  a  given  primer  will 
dopond  ultiaatoly  on  tho  number  of  powder  grains  ignited  by  the 
primer.  Axpuriments  idth  dummy  pov/der  show  clearly  that,  in 
most  cases,  about  one  third  of  all  tho  po-.;dor  grains  in  .30 
caliber  aiomunitioii  are  ignited  direocly  by  the  primer.  The  re- 
amining  two  thirds  of  tho  grains  are  ignited  by  the  flame  from 
those.  It  is  clear,  then,  that  if  a  given  primer  ignites  only 
one  sixth  of  the  charge,  there  will  be  a  ^^roator  delay  in  the 
co...bustion  of  the  ch...rgj  tiian  if  one  third  had  boon  ignited. 

This  is,  perhaps,  tho  most  plausible  explanation  of  hangfiros. 

Granulation 


It  is  vory  ni..co3Sa.ry  to  str^.c  tho  idoa  that  primur 
flcjuos  aro  th-  rt^sult  of  rapid  burning  rather  than  dotonation* 
Prinors  thax  dotoiic^ts  arc  unsorvicoablo  in  that  tho  cup  is 
usually  blo^vn  back  against  the  hoad  cf  tho  boltj  and  leaks  dov- 
olop  around  tho  ^.rinicr  pockot  c  R..rdly  any  ”sot-bock**  can  be 
observed  vath  priinors  that  function  proporlyi  and  so  it  is 
assumed  that  combustion  in  this  caso  is  considerably  slojor^ 
apprcachin;^  tho  •progressive  burning”  of  suokoloss  po./ders. 
Furthyr:.ior j*  the  duration  of  primof  combustion  is  of  tho  order  of 
to  10*^  seconds,  and  this  certainly  rules  out  detonation 
phenouena. 


Small  arms  ;:ri.-ing  co.ayositions  arc  essentially  in- 
flaUJable  r.iixturj3  sonsitivu  tc  impact.  Tho  chief  reaction  tliat 
occurs  in  -11  oriin..ry  prmaers  sooms  to  be  oxidation  of  the 
’’fuels"  by  tho  oxidizing  Mlt .  Tho  corxion  fuels  aro  antiueny 
sulfide  and  the  sulf ocyanid-s  of  heavy  metals,  oxidizing  salts 
include,  chiefly,  ,^otaSoium  chlorate,  barium  nitrate,  and  Bo.ao- 
tiiOes  peroxides  of  iwwious  netalB.  From  the  choieical  nature  of 
tho  oxi.'izars  and  fuels,  it  is  ap,,arent,  then,  that  they  -re  in 
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th&^solvoa  non-fcxplosivo  undor  It  iS|  thorjforo,  rous- 

to  asauras  that  the  sensitivity  of  a  ’.ricing  composition 
resides  in  the  interface  between  the  particles  of  fuel  and 
oxidizer.  Combustion  of  the  primer  pellet  must  originate  some¬ 
where  in  the  surface  separating  the  fuel  and  oxidizer.  Granting 
this,  it  is  obvious  that  the  flame  must  be  propagated  along  this 
interface  as  the  ^ollet  is  consumed,  and  that  the  speed  of 
coiubustion  of  the  pellet  may  p.ossibly  be  controlled  by  regulating 
the  area  of  contact  between  fuel  and  oxidizer. 

To  clarify  this  idea  still  further,  it  is  iijiteresting 
to  consider  a  raixture  of  one  gram  molecule  of  lead  nitrate 
(oxidizer)  and  one  gram  molecule  of  resorcinol  (fuel).  The  ex¬ 
treme  limit  of  coarseness  for  a  mixture  of  these  materials  is 
represented  in  Figure  28a  by  a  single  orys'cal  of  lead  nitrate  pl¬ 
aced  against  a  single  crystal  of  resorcinol.  Considering  the 
masses  represented  in  the  illustrations,  v/liich  have  been  drawn  to 
scale,  the  area  in  contact  is  sLiall.  But  by  cuttin^  each  crystal 
in  two,  and  rearranging  as  in  Figure  26b,  the  contact  area  has 
been  trebled.  The  process  of  subdivision  as  shown  in  Figures  26c 
and  d  naturally  results  in  a  rapid  increase  in  contact  area  and 
a  corresponding  increase  in  the  rate  of  reaction  between  the 
two  substances.  Theoretically,  the  degree  of  subdivision  might 
extend  all  the  '.;ay  through  the  region  of  colloids  into  molecular 
dimensions,  where  the  ultimate  of  fineness  would  be  reached.  As 
a  i^atter  of  f  ct,  these  regions  of  fine  dispersion  are  quite 
attainable,  and  some  very  interesting  work  might  be  done  invest¬ 
igating  the  properties  of  p)riaing  compositions  composed  of  inorg¬ 
anic  colloids.  In  the  caso  of  lead  nitrate  and  resorcinol,  the 
ultiim^te  degree  of  intiioate  raixing  could  be  reached,  of  course, 
b.  actually  allowing  the  tv/o  to  combine  under  suitable  conditions, 
forming  one  molecule  of  lead  dinitroresorcinol  and  eliminating  two 
moleculas  of  v;ater.  In  this  substance,  shown  structurally  in 
Figure  26e,  the  oxidizing  part  of  the  lead  nitrate  molecule  lias 
acbually  bean  attached  to  the  resorcinol  ring,  and  the  result  is, 
of  coirse,  v,  highly  explosive  C0i..pound.  In  doing  this,  though, 
the  identity  of  the  origal  ingredients  has  been  lost,  and  it 
would  be  ruite  incorrect  to  say  that  lead  dinitroresorcinol  is 
an  inti.,m.te  mixture  of  lead  nitrate  and  resorcinol.  It  is  in¬ 
structive,  however,  to  follow  the  granulation  from  extreme 
coarseness  to  extreme  fineness,  and  to  see  how  the  ^.rea  in  con¬ 
tact  and  the  rD:.ctivity  increase  .vith  the  decree  of  subdivision. 

It  is  believed  ttiat  this  accounts  in  lar^^e  measure. for 
tbe  many  leaky  primers  caused  by  certain  zirconium  roixtures.  The 
zirconiui..  used  in  these  mixtures  came  in  the  form  of  an  extraor¬ 
dinarily  fine  powder,  and  its  speed  of  combustion  when  mixed  7dth 
b„ri’ .a  nitrate  -.vas  very  hi^h.  However,  the  fact  should  not  be 
overlooked  that  zirconium  has  a  very  high  heat  of  combustion. 
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and  this  factor  probably  contributed  appreciably  to  the  violence 
of  the  zirconium  primers. 

feon  the  foregoing  it  is  evident  that  the  intarfacial 
area  between  the  two  ingredients  of  a  binary  mixture  will  be  det¬ 
ermined  by  the  surface  area  of  the  coarser  ingredient)  i.e.)  the 
ingredient  of  smaller  surface  area.  If)  then,  the  granulation  of 
the  oxidizer  is  given,  there  is  no  need  to  grind  the  fuel  finer 
thiin  that  granulation  giving  the  same  surface  area  as  the  oxid¬ 
izer.  The  rate  of  combustion  will  increase  up  to  the  point  where 
the  fuel  presents  the  sane  surface  area  as  the  oxidizer,  beyond 
that  point  continued  grinding  of  the  fuel  should  not  affect  the 
rate  of  combustion.  On  the  other  hand,  if  the  fuel  is  ground 
vary  much  finer  tlian  is  necessary  for  a  given  fineness  of 
oxidizer,  a  loss  of  sensitivity  to  impact  may  easily  result. 

By  grinding  the  fuel  too  fine,  some  of  the  fuel  crystals  Tjill  be 
in  contact  vdth  each  other,  the  excess  surface  area  of  the  fuel 
7»ill  be  in  contact  with  itself,  so  to  speak.  Some  of  the  energy 
of  impact  /ill  then  be  absorbed  by  the  sliding  of  fuel  crystals 
over  each  other,  ^d  there  will  be  less  energy  a\Ailable  for 
tho  sliding  of  fuel  crystals  over  oxidizer  crystals.  Since  ignit¬ 
ion  occurs  only  in  the  latter  circurastanco,  it  is  plain  tliat  a 
loss  of  sensitivity  should  result  when  one  of  tho  ingrodientw  io 
ground  too  fine.  For  a  given  mixture  of  fuel  and  oxidizer,  then, 
there  is  a  certain  optimum  ratio  v/hich  tho  particle  size  of  one 
should  bear  to  the  particle  size  of  tho  other.  This  ratio  can 
be  calculated  from  the  total  voliAmes  of  the  ingrodients  by  let¬ 
ting 

s  total  volume  of  oxidizer, 

■  total  volume  of  fuel, 

\ 

d©  *  moan  diameter  of  oxidizer  crystals, 
dj  -  mean  diameter  of  fuel  crystals. 

If  all  the  oxidizer  crystals  are  of  the  same  size  and  sliape,  thon, 

3 

the  volumo  of  each  oxidizer  crystal  *  K©d©  ,  and  the  area  of 
each  oxidizer  crystal  ■  K^d©*^,  both  K©  i~nd  k©  depending 
on  the  shape  of  tha  particle.  Therefore,  the  tot.l  surface 
area  cf  the  oxidizer  -'ill  be 

S  =  ^0  k.  d  ^ 

*0  - .1^  “-©“o  - 

ICod?  Mo 

In  the  sa..e  W-.y,  the  are.,  of  the  fuel  v/ill  be 
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same  I 


and  k.  depend  on  the  sloap 

not  necessarily  the 

auuie 

\/hen  the  surface 

o 

CD 

o 

o 

■ 

and  the  ratio  of  the  particle  diameters  v/ill  he 
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Exaai'le : 


Consider  a  mixture  of  52  gms.  potassium  chlorate  and 
40  gms.  antimony  sulfide.  If  the  particles  of  both  ingredients 
have  the  same  shape,  the  constants  K£.,  K;^,  kf,  and  kg  cancel, 
and  the  particle  sizes  v/ill  be  in  the  same  ratio  as  the  volumes 
of  the  ingredients.  Since  the  density  of  potassium  chlorate  is 
2.32  and  density  of  antimony  sulfide  is  4.65,  it  follows  that 

^0 

—  =  (521  (4.65)  -  2.17 

df  (2.32)(  48) 

In  most  cases,  the  particles  of  priming  ingredients 
do  not  have  the  same  shape,  and  the  coefficients  of  Equation  1 
do  ijct  cancel.  It  should  be  noted  also  that  Equation  1  says 
nothing  about  the  absolute  fineness  of  mixtures,  it  merely  gives 
the  ratio  between  particle  sizes  corresponding  to  maxiaum 
sensitivity  to  ii.pact,  whatever  the  granulation  may  be.  Theo.-- 
retically,the  absolute  fineness  should  affect  only  the  epoed  of 
combustion,  -3  shown  previously. 

Some  interostinj  ^.rOi  arties  can  be  deduced  frora  a 
bim-ry  mixture  in  which  the  particle  size  ratio  does  not  satisfy 
Equation. 1.  In  such  a  mixture,  one  of  the  ingredients  has  been 
ground  too  fine,  and  its  suifaca  is  grsater  than  the  surface  of 
the  other  ingredient."  Using  the  same  symbols  as  before,  the 
tott.1  surface  of  the  mixture  will  be 

A  *  So  ♦ 
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NW|  if  3^p3q,  the  amount  of  fuel  surface  in  contact  vith 
oxidizer  surface  v/ill  be  equal  to  the  oxidizer  surface.  There¬ 
fore,  the  total  extent  of  contact  between  fuel  and  oxidizer  v/ill 
be  equal  to  25^.  The  difference 

(3o  ♦  Sf)  -  2S  , 
or  Sf  -  3o° 

re; resent 3  the  excess  surfaoli  of  the  fuel  not  in  contact  with  the 
oxidizer.  The  fraction  of  the  total  surface  of  the  mixture  exiat- 
in;3  as  contact  surface  between  fuel  and  oxidizer  can  be  exi.rosaed 


F  ■  2Sn  v;hen  3f7  Sg  •———(2) 

Sq  t  3f 

or  F  •  2Sf  when  S^c^Sg  — - - (3) 

Sq 


Retv.rnii:^  to  the  .ji:.tur€  in  \/hiuh  the  fuel  ‘.vus  ground 
too  fine,  it  is  seen  that  Equation  2  applies,  since  Oj-^Sg.  If 
now,  a  courser  granulatiou  of  fuel  be  substituted,  3^  will  decrease 
and  F. v/ill  increase  until,  when  6  Sq,  F  •  1,  and  optiniuiu 

ratio  7/ill  have  been  reached*  If  still  coarser  fuel  is  nov/ 
introduced,  equation  3  ap^vlias,  since  The  sarao  order  of 

alfocto  might  have  been  obtained  had  a  finer  granulation  of  ox¬ 
idizer  boon  introduced. 

Figure  29  shows  graphic;Ally  the  v/uy  in  which  the 
particle  size  ratio  affects  the  extent  of  contact  between  fuel 
and  oxidizer.  Values  of  F  ex^.ressed  in  por  cent  uro  used  as 
ordinates,  and  the  ratios  of  do/df  have  boon  used  as  absiscao. 

The  optimui:!  value  of  dg/df  for  each  mixture  appears  ao  a  maximum 
in  F  wt  v/hich  F  •  100^  as  required  by  ^iiquation  1.  The  curve  to 
the  left  ox  each  uiaximui'a  ro^  resents  Equation  2j  to  the  right, 

Fqi  .tion  3. 


In  most  riming  compositions  an  a^-wroximate  **oxygen 
balance”  is  maintained  between  fuels  and  oxidizers,  so  tlu.t  u 
Xiaximum  of  hOu.t  may  be  obtained  from  the  limited  volume  of  tho 
vrii-wT  ^.ollet.  It  beco'cos  interesting,  then,  to  discover  how 
tho  0  ti.  u*.x  value  of  dg/df  varies  with  different  pairs  of  oxid¬ 
izers  and  fuols  taken  in  stoichioixetric  proportions.  Table  5 
shows  calcnl-.ted  values  of  ^.article  size  ratio  when  the  fuel  and 
oxidizer  3urf:.cos  in  contact  are  100^  of  the  total  surfact. 
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Table  5« 

Optimum  Particle  Site  Ratios 


KCIO3 

Be(  1103)2 

Sr(C103)2 

Pb(K03)2 

BaCrO^ 

Sb2S3 

2.17 

1.98 

1.75 

1.80 

3.14 

4.63 

Pb(5CN)2 

1.67 

1.71 

■  1.51 

1.55 

2.71 

4.00 

CuSCN 

2.06 

1.89 

1.66 

1.71 

2.9S 

4.41 

ZnS 

2.22 

2.03 

1.78 

1.64 

3.21 

4.74 

8 

2.23 

2.08 

1.83 

1.88 

3.29 

4.85 

Zr 

2.48 

2.23 

2.00 

2.05 

3.59 

5.29 

The  optiaiuB  particle  size  ratios  in  Table  5  represent 
thirty-six  binary  mixtures  of  oxidizers  and  fuels,  taken  in 
otoiohiom-tric  prOi-ortions.  It  fill  bo  noted  that  the  values  in 
all  cases  are  greater  than  one,  which  means  that  the  oxidizer 
must  be  coarser  than  the  fuel  for  waxioiun  sensitivity.  Moreover, 
thu  ratios  for  the  coimuonly  used  ingredients  lie  botv/een  1.5  and 
2.5,  a  fairly  narrow  range.  In  the  case  of  bulky  oxidizers 
(Pb02  and  BaCr04)  and  dense  fuels  (Zr),  the  ratios  may  incroase 
to  4  or  5. 


It  is  believed  that  much  important  work  might  be  done 
verifying  the  theory  of  granulation  experimentally.  The  several 
mixtures  doscribod  under  Experimental  Com,. osit ions  v/hich  woro 
intended  to  show  the  effects  of  changes  in  granulation  were 
inconclusive,  since  many  disturbing  factors  v/oro  present,  i/hat 
is  noadod  is  a  determination  of  spood  of  combustion  and  sensit¬ 
ivity  to  impact  of  simple  binary  mixtures.  In  this  connection 
it  is  bolioved  that  tho  most  fertile  field  of  experimentation  would 
be  the  region  of  microscopic  pov/durs,  i.e.,  powders  finor  than 
200  uoah.  Fowdors  in  this  region  can  be  accurately  separated  and 
graded  within  quite  narrow  limits  of  grt.nulation,  using  an  air 
separator  similar  to  tho  ono  designed  by  Roller  (7).  The  fiold  of 
colloidal  dimensions  also  promises  to  bo  of  intorost  in  ^ rimer 
development.  The  use  of  inorganic  colloids  in  priming  compositions 
would  tr:.naform  ignition  systems  in  a  vory  litoral  sense  from 
th^  "black  powdor  class'*  into  the  "smokelsBB  powder  class"  of 
explosivoe.  Thoro  is  no  intention  here  of  barring  organic 
compounds  from  tho  scenej  their  valuo  as  substitutjs  for  inorganic 
salts  simply  has  not  ineiterialized. 

Tho  ^ua  solution  used  in  wet  loading  ^.robably  plays 
an  ii..portant  part  in  altering  tho  granulation  of  tho  soluble 
constituents.  The  s-lts  dissolved  by  the  gum  arc  doposited  as  ox- 
coodingly  fino  crystals  whon  the  pellet  is  dried,  and  those,  being 
in  inti...„te  conti.ct  with  tho  fuels,  must  affect  the  combustion 
of  tho  pellet  to  sou.0  extant.  Strangely  onough,  tho  dried  gun 
cont,.ining  p'otassiui;  chlorate  crystals  is  veri  difficult  to  ignite 
oven  with  a  Buiisen  flame.  So  that  tho  gum  itself  is  of  little 
value  £8  a  fuel  in  starting  ignition. 


The  method  used  for  dateriuiniria  the  surface  arer.  of 
porniers  /ill  be  described  briefly.  It  is  assumed  in  all  cases 
that  the  general  shape  of  the  particle  is  ^n  ellipsoid  of  three 
unequal  oxeS)  a>b>c.  '«7hsn  the  material  is. sprinkled  on  a  micro* 
SCO.  e  slidei  it  is  evident  that  the  individual  pai'ticles  will  be 
arranged  with  their  shoHest  dimensioni  the  c  axisi  perpendicular 
to  the  slide )  this  being  the  stable  position  for  an  ellipsoid  at 
rest.  It  is  quite  siinp'>le  then  to  measure  the  a  and  b  axes  with  a 
filar  ndcrometerf  since  these  extend  parallel  to  the  plane  of 
the  slide.  The  avor^-ge  volume  of  the  particles  is  dotermined  by 
dividing  the  weight  of  a  known  number  of  them  by  their  density 
^nd  number.  Knowing  the  volume  of  each  particlo>  the  c  axis  ia;.y 
then  bo  found,  since  r.  and  b  are  knovm.  Tho  surface  area  is  then 
c>;.lculated  from  a,  b,  and  c. 

An  oxporii;6qtr.l  method  for  getting  the  surface  area 
is  also  undor  development.  In  this  nethod  the  material  is 
allowed  to  3t..nd  for  some  time  immorsod  in  a  liquid  in  which  it 
is  insoluble.  The  liquid  holds  in  solution  a  substance  capable 
of  reacting  with  the  insoluble  material,  and  after  a  time  the  , 
surface  of  each  particle  ■.'dll  have  reacted  sufficiently  to  givo 
a  moa sure. .bio  change  in  v/oight  of  the  originc.l  sample.  This 
ch.-.nge  in  v;aight  is  proportional  to  the  surface  area  of  tlio 
aaiap'lo.  Some  success  has  been  had  by  treating  barium  nitrate 
pO'./dors  in  this  -r/ay  -with  alooholic  solutions  containing  sulfate 
ions.  A  3iuil..r  technique,  making  use  of  adsorption  phonomona,  he. 
boon  described  by  It.rkins  and  Cans  (9). 

Coefficients  of  Friction 

The  ignition  of  priming  mixtures  h..8  been  assumed  to 
t-ke  place  through  the  heat  developed  by  static  or  kinetic  frict¬ 
ion  bet-woen  the  individual  particles.  The  sensitivity  to  impact 
•ill  depond,  then,  upon  two  factorsi 

1.  The  minimum  temperature  at  -./hich  the  mixture  will 
ignite. 

2.  The  r.-.te  at  v/hich  ho-t  is  develop  od  in  the  solid 
interfaces. 

if  the  rate  .at  •liioh.heat  is  developed  in  the  solid  interfaces 
is  lot  gro..t  enough,  the  heat  vdll  bo  conducted  a-:;ay  or  othor- 
••/iso  dissipated  before  the  interface  bocomos  hot  enough  to 
ignite.  Tho  r.ate  of  ho:.t  development  is  determined,  in  turn, 
bp‘  tho  cojfficiont  of  friction  bet-7oen  tho  particles.  3o  that 
tho  sonsiuivity  is  finally  proportion:.!  to  the  ignition  torap- 
or„turo  :.nd  to  the  coefficient  of  friction  moans  not  only  that 


the  rate  of  heating  is  greater,  but  alee  that  the  total  asiount 
of  heat  develo^.ed  in  the  mixture  is  i^reater,  and  that  a  large 
portion  of  the  energy  of  iopaei  appears  as  heat  in  the  mixture. 

If  the  oeefficients  of  friation  of  explosives  were 
substantially  constant,  or  rare  inoperative  in  any  way,  it 
would  follow  that  the  sensitivity  would  be  proportional  to  the 
ignition  temperature  only.  Taylor  and  lUnkenbaoh  (^)  have  shown 
however,  that  this  is  not  the  case.  In  their  investigation  of 
twenty  initiating  explosives,  no  relationship  between  the  two 
was  found.  The  data  given  in  table  6  are  representative  of 
their  results. 


Table  5 


Ignition 

Sensit ivity ,  cus . 

Temw .  ®G . 

(O.LJtitm.  weightl 

Silver  acetylide  D 

200 

79 

Hexamethylene-t riper oxide- 
dicUiine 

200 

8 

Dulcitul  hexanitrate 

205 

47 

Mercurous  azide 

298 

6 

Lead  st  r  .-linate 

293 

50 

Evidently,  the  best  way  -to  account  for  the  lack  of 
prOjt  ortionj^lity  is  to  assign  large  values  of  frictional  resist¬ 
ance  to  those  coiu^,ounds  of  hig^h  eonsltivity.  For  inetonao,  SMrourous 
azide  should  exhibit  a  much  larger  coefTicient  of  friction  tlian 
lead  3ty..hnal3.  This  idea  coaid  be  checked  by  measuring  the 
angle  of  re,  ose  of  a  pile  of  mercurous  azide  crystals  and  com¬ 
paring  with  the  angle  of  repose  of  lead  styphnate.  Since  the 
tangent  of  the  angle  of  repose  is  equal  to  the  coefficient  of 
static  friction,  a  vary  sim^.le  means  of  checking  the  theory  is 
available.  It  should  be  pointed  out,  though,  that  the  sensit¬ 
ivity  data  of  Taylor  and  Rinkenbach  was  obtained  by  crushing 
the  Samples  between  Iiardened  steel  surfaces,  so  tloat  the 
frictional  forces  determining,  ignition  were  probably  those 
between  the  steel  surfaces  and  the  explosive  crystals,  and  not 
necessarily  those  between  the  crystals  themselves.  It  would 
seem  advisable  in  theoretical  investigations  to  wrap  the  sample 
in  tin  or  lead  foil,  in  order  that  the  friction  of  crystal 
against  crystal  might  be  the  solo  aourea  of  heat  (11) . 

The  coefficient  of  friction  between  two  substances 
is,  of  course,  a  definite  property  of  the  substances,  and  cannot 
.  be  altered.  In  a  given  composition  i-  would  seem,  then,  that 
there  would  be  little  cliance  of  increi'.'ng  or  decreasing 
sensitivity  in  this  way.  However,  it  u'os  not  seem  entirely 


fantastlo  to  suggest  that  by  mklng  of  a(«8erptlon  phenocenai 
some  profound  changes  might  be  affects^,  in  the  surface  conditions 
of  the  ingredients.  The  net  result  of  such  experiment Si  of 
course I  would  be  the  creation  of  a  new  surface  having  different 
properties.  Every  crystal  would  be  sheathed  in  a  molecular 
envelope  too  small  to  affect  burning  propertiesi  yet  thiek  enough 
to  offer  incraased  resistance  to  sliding  motion.  As  a  matter 
of  fact)  this  hds  already  been  done  in  a  rather  crude  way  by 
adding  powdered  glass  to  priming  mixtures.  If  the  glass  is 
fine  enough,  it  ’»ill  adhere  to  the  coarser  particles  by  adsorp¬ 
tion  and  endow  them,  in  effect,  with  a  higher  coefficient  of 
friction.  In  reoent  years,  the  sllicide's  of  calcium  and  iron 
have  been  used  with  success  in  place  of  glass,  and  the  tendency 
is  to  regard  them  not  only  as  abrasives,  but  as  fuels  as  woll. 

I'he  common  aasumction  that  stibnite  also  has  abrasive  properties 
is  open  to  question.  The  hardness  of  stibnite  is  only  Z',  it  is, 
therefore,  about  as  soft  as  gypsum,  and  even  softer  than  the  finger 
nail  (iS) . 


,  A  moment's  consideration  will  show,  too,  that  binding 

agents  such  as  gum  or  glue  must  increase  the  coefficient  of 
static  friction  tremendously.  The  coefficient  of  static  friction 
is  a  measure  of  the  resistance  to  sliding  motion  of  two  surfaces 
at  rest,  and  since  the  nature  of  a  binding  agent  is  to  hold 
surfaces  together,  the  coefficient  of  static  friction,  must 
cei’tainly  increase  when  binders  are  added.  In  this  connection 
it  seems  probable  tiiat  static  friction  is  of  greater  importance  to 
irompt  ignition  than  kinetic  friction,  which  comes  into  play 
only  after  static  friction  iias  been  o.'ercome.  Then,  too,  static 
friction  is  alv/uys  much  greater  than  l:i  letic  friction. 

The  sensitizing  effect  of  T.N.T.  and  of  tetryl  in 
chlorate  raixtur:3  is  probably  not  the  result  of  piurely  friction¬ 
al  phenomena.  Organic  substances  of  this  type  are  quite  soft, 
and  if  present  in  excessive  amounts,  ’.vill  desensitize  even 
chlorate  mixture-^.  Furthermore,  T.!hT.  will  not  sensitize 
fulminate  compositions  containing  no  chlorate.  Tetryl  and  T.N.T. 
act  in  a  very  specific  way  on  chlorates,  and  the  investigation 
of  Lhie  action  offers  another  problem  to  the  explosives  chemist. 

The  disastrous  efiects  of  small  amounts  of  oil  or 
groass  in  prii.dng  mixtures  are  ’.veil  known,  and  need  not  be  enlar¬ 
ged  upon.  The  effect  is  purely  lubrication  of  the  pjarticles 
and  elimination  of  friction  within  the  pellet. 

So>.  e  .aeni-quantitative  experiments  were  made  to  deter¬ 
mine  how  much  energy  is  necessary  to  fire  the  standard  .30  cal¬ 
iber  F.  A.  70  primer,  and  it  is  believed  that  the  results  confirm 
the  idea  that  primer  ignition  is  a  purely  surface  phenomenon 
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originating  in  the  solid  interfucas  of  the  cor.^osition*  By  run<* 
rang  th*  drop  tests  on  losdod  prioers  and  dunany  primers »  and  compar¬ 
ing  the  depths  of  indentation  caused  by  the  firing  pin^  it  «as  found 
that  about  0*5  inch-ounce  of  energy  ia  needed  to  fire  the  primer, 
the  rest  of  the  energy  being  used  to  deform  the  oup.  It  had  been 
found  previously  that  potassium  chlorate  and  lead  sulfocyanide 
Ignite  at  about  2b0^*,  so  that  it  was  possible  to  calculate 
roughly  the  '.velght  of  material  that  had  been  heated.  Assuming 
an  average  heat  capacity  of  0«2|  the  result  turns  out  to  be 
.000017  grams.  Novr  since  ignition  ie  started  in  the  portion 
of  the  pellet  under  the  anvil  point,  ly  about  one  tenth  of 
the  pellet  is  actually  under  impact.  .1  by  assuming  an  average 
particle  size  of  10  to  20  microns,  a  reasonable  figure,  it  is 
possible  to  calculate,  in  a  very  rough  fashion,  to  be  sure,  the 
thickness  of  tho  hoatod  layer  on  each  particle.  Such  a  calcul¬ 
ation  3ho\78  that  if  the  .000017  gram  of  material  is  unifonaly 
distributed  over  particles  of  10  to  20  microns  in  diameter,  tho 
nuT-iber  of  particles  being  one-tenth  the  number  in  the  pellet,  then 
the  thickness  of  the  heated  layer  la  from  20  X  10"®  to  40  x  10"®  cm. 
fho  diameter  of  portaeaium  chlorate  and  lead  aulfocyanide  molecules 
is  about  6  X  10"°  cm. ,  so  that  tho  result  obtained  is  of  the 
fight  order  of  •.lagnitudo  amd  supports  the  idea  that  primer 
ignition  is  prii  arily  an  affair  between  surface  molecules. 

Ignition  Temperatures 

Since  priming  mixtures  are  generally  assumed  to  ignite 
through  the  agency  of  heat  of  internal  friction,  it  becomes  imp¬ 
ortant  to  inquire  into  the  temperature  at  which  ignition  takes 
place.  Properly  speaking,  explosives  do  not  possess  a  sharply 
defined  Ignition  temperature  in  the  same  sense  tliat  they  possess 
melting  points  or  densities.  On  heating  explosive  materials  at 
constant  temperatures,  there  is  encountered  a  more  or  less  well 
defined  range  of  temperatures  in  which  decomposition  sets  in  at 
an  appreciable  rate,  leading  finally  to  ignition  or  "puffing  off". 

As  tho  temperature  is  increased,  the  initial  period  of  quiet 
decomposition  is  decreased,  until  a  temperature  is  finally  reached 
where  true  ignition  is  practicj*lly  instantaneous.  The  theory 
of  this  phenomenon  has  been  di3cu.>sed  ''>y  Gamer  and  will 

not  be  reviewed  here. 

An  alternative  method  of  detormining  ignition  temperat¬ 
ures,  one  tliat  is  widely  accepted,  is  to  begin  heating  the  mat¬ 
erial  at  a  temperature  well  below  the  ignition  point.  The 
temperature  is  tlien  increased  at  a  constant  rate  until  ignition 
takes  place,  i’he  results  obtaineu  >'j  this  method  are  largely  in¬ 
fluenced  by  the  amount  of  decomposition  taking  place  before 
ignition  occurs,  and  in  this  respect  the  procedure  is  said  to  be 
of  value  in  showing  up  unstable  smokeless  powders.  Under  actual 
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conditions  of  usoi  ho'jrsver,  explosives  are  subjected  to  instant* 
aneously  developed  teuperaturesi  rather  than  8lo«],y  rising  onesi 
and  the  first  method  is  to  be  preferred  for  investigating  "true'* 
ignition  temperatures. 

Taylor  and  Rinkenbach  (^)  determined  the  ignition 
temperatures  of  a  large  number  of  initiating  explosives.  Their 
procedure  ’«as  to  drop  the  sample  onto  a  bath  of  .Vood's  metal 
held  at  a  ^constant  temperature,  the  time  of  ignition  being  noted. 
The  point  at  which  ignition  occurred  within  one  second  or  less 
v/as  taken  as  the  ignition  temperature. 

Similar  experiments  have  be.  made  at  Frankford  ilrsenal, 
using  a  vertical  tubular  electric  furn^  ;o.  A  two-holf  plug  in 
the  top  of  the  furnace  is  provided  with  two  metal  tubes  which 
serve  as  holders  for  jlc.as  tubes,  which  may  be  renewed.  One  of 
the  glass  tubes  carries  a  thermo-couple j  the  other  receives  the 
samples.  After  constant  temperature  has  been  reached,  the.  samples 
are  dropped  into  the  furnace  in  t>e  form  of  pellets  and  the  time 
of  ignition  noted.  A  clean  tube  is  used  for  each  pellet. 

So  far,  only  initiating  explosives  and  binary  mixtures 
of  fuels  and  oxidizers  have  been  investigated,  moat  of  these 
being  common  priraing  ingredients.  In  laany  cases  fairly  well 
defined  curves  can  be  drav/n  for  time  of  ignition  vs.  temperature. 
Some  samples,  however,  behaved  inconsistently,  and  it  wae  very 
difficult  to  decide  where  to  draw  lines  through  the  points.  The 
short  vertical  lines  at  the  top  of  each  graph  indicate  temperat¬ 
ures  at  v;hich  saiuples  failed  to  ignite  within  30  seconds.  Unless 
otherwise  noted,  200/-  mesh  material  was  used  in  all  mixtures. 

The  results  for  potassium  chlorate  with  four  fuels  are 
shovm  in  Figure  30.  On  coi.i^aring  the  lead  sulfocyanide  and  stib- 
iiite  curves,  it  becomes  evident  that  the  lead  salt  is  the  active 
fuel  in  the  F.A.  70  type  ci  laixture,  since  it  ignites  about  150° 
below  stibnito.  This  is  in  accordanse  with  the  performance  of 
some  experimental  priming  mixtures  in  which  lead  sulfocyanide  and 
stibnito  were  used  separately  with  potassium  chlorate.  It  was 
proved  that  stibnite  might  be  Oj^itted  in  chlorate  mixtures,  but 
that  the  lead  salt  was  indispensable.  Cuprous  sulfocyanide  ig¬ 
nites  slightly  above  the  lead  compou  ',  and  xirconium  is  the  least 
inflammable  of  the  four.  Its  curve  o  ins  to  slope  off  at  400°, 
and  had  the  data  been  extended  further,  it  undoubtedly  would  have 
approached  the  temperature  axis  as  an  asymptote.  For  comparison, 
two  pyrotechnic  compcsitions  have  been  included^  strontium  and 
barium  peroxides  with  magnesium.  These  also  slope  off,  and  their 
high  ignition  temperatures  are  in  line  with  their  insensitivity 
to  impact. 


Barium  nitrate  mixed  with  tho  same  fuels  is  shovm 
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in  Fifure  31.  Zirconiuiii  appears  in  this  case  to  be  quite  equal 
to  lei.d  sulf ocyanide,  and  both  are  far  superior  to  stibnito.  This, 
again,  is  in  agreement  with  results  obtained  from  mercury  fulmin¬ 
ate  mixtures  in  which  the  stibnite  had  been  replaced  by  zirconium 
or  lead  sulf ocyanide.  Cuprous  sulf ocyanide  is  almost  as  difficult 
to  ignite  v/ith  barium  nitrate  as  stibnite.  It  should  be -noted 
that  bariura  nitrate  is  quite  effective  as  potassium  chlorate  in 
igniting  zirconium,  but  that  it  lags  far  behind  on  the  other  three 
fuels . 


Potassium  perchlorate  mixture-i  are  shov/n  in  Figures  32 
and  33.  The  data  obtained  v/ith  salt  is  unsatisfactory  from  the 
standpoint  of  curve  tracing,  especially  lead  sulfocyanide 
miAture.  But  the  relative  positions  of  the  points  serve  well  en¬ 
ough  for  coraparisons .  Potassium  perchlorate  is  more  stable  than 
the  chlorate,  and  so  it  might  be  expected  to  give  higher  ignition 
temperatures.  This  is,  indeed,  the  case  f-or  mixturos  with  stib¬ 
nite  and  the  sulf ocyanides .  The  zii-conium  mixture,  however,  is  a 
decided  exception  in  that  its  curve  lies  at  least  50®  bolow  the 
zirconium-chlorate  curve.  Apparently,  ignition  temperatures  de¬ 
pend  entirely  on  the  coiubination  being  studied,  and  cannot  always 
be  inferred  frora  the  ^^revious  behavior  of  each  constituent  with 
other  fuels  and  oxidizers.  The  curve  for  cuprous  sulfocyanide 
and  potassium  perchlorate  is  a  good  example  of  a  poor  combination 
from  the  standpoint  of  inflammability.  This  curve  approaches  the 
temperature  axis  sc  slowly  that  it  is  doubtful  whether  prompt 
ignition  would  occur  at  any  temperature  less  than  about  700®. 

In  this  respect  it  ranks  v/ith  the  barium  nitrate  mixtures,  so 

far  ac  the  data  for  these  shows.  'Bariuia  nitrate  raixtures,  of  course 

have  to  be  used  with  an  initiating  explosive. 

The  results  for  four  initiating  explosiv  ,  are  included 
in  Figures  32  and  33.  These  curves  are  romrkably  similar  in 
thoir  abrupt  dro^:  tov/ard  the  tomporaturo  axis.  Diazol  checks  vory 
closely  v/ith  norcury  fulminate,  both  giving  instantaneous  ignition 
at  about  260°.  Load  styphnate  lies  about  70^  higher.  No  doubt, 
this  hGli;s  xo  account  for  the  insuf ficiunt  sensitivity  of  this 
salt  in  .30  caliber  primers.  The  curve  for  totracene  also  helps 
to  explain  why  this  uutoriul  will  oVs^rcome  tho  insensitivity  of 
lead  styphnate  mixtures.  Totracene  she  v  a  somewhat  lower  ig¬ 
nition  tomperaturv  than  mercury  fulminac-.  .  In  attomx.‘ting  to 
correlate  ignition  temperatures  with  sensitivity,  a  considorablo 
mental  resorVc4.tion  should  bo  nude  concerning  the  offucts  of 
changes  in  the  coefficient  of  friction,  as  noted  in  the  section 
on  friction. 

Four  strontium  nitrc.xe  ootMeinations  in  Figure  34. 

LbxtureS  of  thv  sulf ocyuniduB  with  strontiuLi  nitrato  chock  very 
closely  the  catau  mixtures  'Vith  b-*rium  nitrate,  which  might  bo  ox- 
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pected  in  view  of  the  eijtdiarlty  between  strontluxa  and  barium 
cos^ounde.  The  strontium  salt  with  zirconium  and  stibnite  is 
only  slightly  easier  to  ignite  than  the  same  mixtures  of  barium 
salt.  The  small  difference  between  strontium  and  barium  nitrates 
in  this  respect  probably  explains  why  the  substitution  of  stron¬ 
tium  for  barium  in  the  353-D  mixture  me'  with  so  little  successi 
even  though  the  heat  of  combustion  shou.  'i  have  been  inoreased 
thereby.  Apparently,  there  is  little  to  be  gained  in  case  of 
ignition  through  the  use  of  strontiiua  nitrate  instead  of  barium 
nitrate,  at  least  for  the  four  fuels  investigated. 

Some  lead  peroxide  mixtures  are  given  in  Figure  35. 

The  most  interesting  feature  here  is  the  uiarkad  difference 
between  the  lead  sulfocyanide  and  copper  sulfocyanide  combin- 
mtions,  a  difference  shown  by  these  fuels  with  no  other  oxidizer. 
The  data  from  the  lead  sulfocyanide  mixture  is  rather  erratic, 
but  the  trend  toward  the  region  of  sensitive  materials  like 
mercury  fuloinute  is  unmistakeable.  This  peroxide-sulfocyanide 
combination  deserves  further  study;  it  seoms  to  suggeet  a  new 
kind  of  non-corrosive  nou-fuluiinate  composition  of  unsvispacted 
possibilities.  The  curves  in  Figure  35  show  again  that  ignition 
temperatures  are  quite  unpredictable.  Aside  from  the  difforence 
noted  above,  stibnite  is  more  easily  ignited  by  lead  peroxide 
than  by  potassiiun  perchlorate,  but  the  reverse  is  true  for  cuprous 
sulfocyanide. 

An  unexpectud  result  was  obtainsd  by  varying  the  gran¬ 
ulation  of  the  potassiui-i  chi  orate- stibnite  mixture  to  150/200 
and  100/l50  mesh.  The  sieve  fractions  used  in  those  mixtures 
were  obtained  from  the  same  sample  of  material,  yet  the  curves 
in  Figure  36  show  a  wide  divergence  of  the  150/200  mesh  mixture 
from  the  other  two  granulations.  Naturally,  this  cannot  bo 
explained  on  the  basis  of  contact  surface  between  the  ingredients, 
or  adsorption  of  ./ater  vapor  on  their  irfaces,  for  the  150/200 
mesh  material  is  intoraodiate  in  this  x ^ " ?oct  with  the  other  two 
granulations.  It  has  not  been  determine.;  whether  the  same  be¬ 
havior  may  bo  observed  in  other  oxidizers  and  fuels,  and  no 
explanation  will  be  offerod  until  the  matter  lias  beon  Invewtigated 
further.  The  effect,  however,  is  of  more  than  passing  interest. 

It  is  interesting  to  note  t'-'at  all  com.cunds  and  mix¬ 
tures  used  succwssfully  to  initiate  combustion  in  the  primer 
pollat  give  an  almost  perpendicular  curve  cutting  tho  temperature 
axis  bolow  275°.  Spocifically,  the  potassium  chlorate-load 
sulfocyanide  mixture,  diazol,  mercury  fulminate,  and  tetraceue 
have  this  property.  Lead  styphnate  also  gives  a  curve  which  drops 
quickly  toward  the  temperature  axis,  but  its  intersection  is  some¬ 
what  above  300°,  and  this  faot  seemingly  is  sufficient  to  place 
it  just  outside  the  pale.  ' 


The  data  on  ignition  temperatures  that  have  been  pres* 
ented  is  co;^vlnoing  proof  that  explorrlves  have  no  definite  ig«* 
nition  temperature.  The  term  "ignition  temperature"  is  quite 
meaningless  until  it  has  been  surrounded  by  many  arbitrary  test 
conditions.  However}  the  method  used  in  the  present  work  for 
comparing  ease  of  ignition  is  quite  free  of  arbitrary  conditions} 
ev-sn  though  it  does  not  yet  afford  a  definition  of  "ignition 
temperature".  The  plotting  of  time  vs.  temperature  gives  a  curve, 
sometimes  a  vas'uely  defined  one,  which  can,  nevertheless,  be  com* 
pared  with  other  ourves  as  to  position,  slope,  etc.  The  theoretical 
slgnificancs  of  such  curves  is  not  yet  clearly  understood,  and 
the  cause  of  some  of  the  extremely  erratic  results  cannot  yet  be 
explained.  A  study  of  these  would  ijrobably  throw  considerable 
light  onthe  behavior  of  priming  corpositions . 

The  Primer  Flamo 

The  most  striking  feature  of  flames  in  general  is  their 
high  temperature,  and  many  attempts  have  been  made  to  relate  the 
ballistic  properties  of  primers  to  their  flame,  tomporatures, 
which  have  been  either  measured  or  calculated.  Calculated 
teaporaturos  are  misleading  for  several  reasons* 

1.  The  reactions  which  are  assur*  '  in  the  calculations  have 
never  been  proved  to  take  place,  and  aie.  reactions  are  ignored 
completely. 

2.  Tiioso  reactions  which  do  take  place  never  go  to  completion 
for  a^'preci<»ble  amounts  of  the  original  ingredients  may  be  found 

in  the  residue. 

3.  •  The  flame  is  always  cooled  to  some  extent  by  its  rather 
devious  passage  over  metal  surfaces.  The  unreacted  particles 
blown  out  of  the  ^.rimer  absorb  hoat  from  the  flame,  and  cool  it 
still  further. 

Borland  (^)  attemptod  to  measure  flame  temperaturos 
by  rocording  radiation  intensities  on  photographic  plates, 
comparing  the  intensities  with  a  standard  radiant  whose  temper* 
ature  was  kno'wn.  The  duration  of  the  flame  and  its  effect  on 
the  recorded  intensities  7/as  noglSotcd,  ho'.'/evor,  and  it  is  doubt* 
ful  -.7hother  the  rosults  are  entirely  comparable.  Borland  realized 
that  the  flame  temperature  is  con8t..ntly  changing  duo  to  heat 
exchange  with  metal  surfaces  and  unroacted  ingrodionts}  so  it  is 
difficult  to  see  how  the  term  can  havo  any  dofinite  moaning  so 
long  as  various  parts  of  the  flame  arc  at  difforent  tomporaturos . 

The  important  thing,  of  oOurso,  is  to  have  s  rapid 


exchange  of  heat  from  the  flame  to  the  propellant)  and  any  change 
in  the  primer  which  facilitates  the  exchange  of  heat 'Should 
improve  the  ballistics  of  the  anmunition.  It  is  important)  toO) 
to  have  a  fairly  constant  rate  of  heat  exchange,  in  order  that 
unlfozmi  ballistics  will  be  obtainedt  The  most  obvious  way  to 
increase  the  rate  of  heat  exchange  would  be  to  Increase  the  speed 
of  combustion  of  the  primer  pellet.  The  flame  io  then  driven  fur¬ 
ther  into  the  powder  charge,  the  cooling  effects  previously 
noted  are  reduced,  and  most  important  of  all)  the  hot  gases  sweep 
over  the  powder  grains  with  greater  velocity  and  heat  them  up  to 
ignition  more  quickly.  The  disadvantage  of  using  a  high  speed 
primer  is  that  high  local  pressures  are  built  up  in  the  primer 
cup,  causing  set-back  and  leaks.  This  effect  has  been  noted  in 
certain  fuLainate  coiupositions  containing  large  amounts  of  airco- 
iklumt. 


Fortunately,  there  are  other  ways  to  facilitate  heat 
exchange  vdiich  can  be  easily  shown.  Taking  a  simple  case  of  heat 
transfer  from  a  hot  body  to  a  cold  body,  the  total  heat  oapjacities 
of  both  bodies  being  finite,  it  can  be  demonstrated  that  the  rate 
of  tempierature  rise  of  the  cold  body  ie 

^  -  a  V  bT  . (4) 

dt 

where  T  ■  temperature  of  the  cold  body  at  any  time  t. 


K  is  the  overall  coefficient  of  heat  transfer  from  the  hot  to  the 
cold  body,  S  and  S'  the  initial  temperatures  of  the  cold  and  hot 
bodies  respectively,  and  C  and  C  the  total  heat  cap^acities  of 
the  cold  and  hot  bodies  respectively. 

In  the  c^3e  of  ignition  in  ammunition,  the  hot  body, 
of  course,  is  the  primer  flamo  and  the  cold  body  is  the  ^ro“ 
pellunt  charge.  The  important  thing  to  note  is  tliat  the  heat  ca** 
pacity  of  the  primer  flame  ia  an  iopcKaat  variable  governing  the 
rate  of  boating  of  the  prOi/sllant  charge.  Moreover,  the  flames 
from  various  compositions  may  vary  widely  in  their  heat  capacities. 
Some  of  tho  common  gasoous  constituents  of  primer  flumes  are 
listed  in  Table  7  v/ith  their  specific  heats  in  calories  per  gram 
at  constant  volume. 
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Table  7 


Cy  at  lOOOPc 

Hg  vapor 

.015 

N2 

.195 

CO 

.195 

002 

.231 

SO2 

.231 

On  integxating  Equation  4,  the  temperature  of  the  cold 
body  may  be  expressed  as  a  function  of  time; 

T  =  f  I  -*■  3  j  -  I  - (5) 

By  a.eune  of  Equation  5  it  is  now  possible  to  draw  curves  showing 
the  rate  at  which  the  i^ases  in  Table  7  will  heat  up  an  equal  v/eight 
of  nitrocellulose.  Figure  37  shows  such  curves. in  which  the 
temperature  of  the  cold  body>  or  nitrocellulose,  is  plotted  against 
time.  The  nitrocellulose  is  taken  at  an  initial  temperature  of 
20°C.,  specific  heat  0.3,  the  gases  being  heated  to  1000®C.  The 
curve  shov/s  that  under  the  stated  conditions,  the  mercury  vapor 
is  totally  unable  to  ignite  the  nitrocellulose,  while  the  other 
four  gases  cause  a  prompt  rise  in  temperature.  Carbon  dioxide 
and  sulfur  dioxide  are  slightly  better  than  nitrogen  and  carbon 
monoxide,  but  the  difference  is  negligi'  -e. 

These  results  load  naturally  to  a  consideration  of  the 
part  played  by  solid  and  molten  matter  in  the  primer  flame.  An 
exact  quantitative  cora^.arison  with  gases  is  not  possible,  however, 
due  to  the  uncertainty  regarding  K,  the  overall  coefficient  of 
heat  transfer.  K  my  he  considered  constant  in  the  comparison 
of  gases,  and  to  simplify  matters  It  was  made  equal  to  unity  in 
calculating  curves  for  the  gases.  But  when  heat  flows  from  solid 
to  solid  or  from  liquid  to  solid,  the  character  of  the  flow  changes 
and,  quite  generally,  K  increases  greatly.  The  Increase  may  be 
anywhere  from  ten-fold  to  one  hundred-fold  (15).  And  since  K 
always  increases  when  solids  or  liquids  are  substituted  for  gases, 
it  is  believed  that  theory  is  not  being  strained  by  drawing  curves 
for  molten  ^otassium  chloride  and  stibnite  (Figure  37).  The 
coefficient  K  was  taken  ten  times  as  great  as  for  gases,  for  the 
sako  of  being  conservative,  and  specific  heats  of  0.16  for  po- 
iassioB  cliloride  and' 0.09  for  stibnite  were  uses  (16 ) .  The  curves 
are  only  approximate,  but  they  show  plainly,  in  spite  of  the 
conservative  assumptions,  that  molten  and  solid  matter  in  the 
flame  is  much  more  effective  than  any  of  the  gases  in  promoting 
ignition. 
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Tha  importance  of  having  "incandescent  particles"  in  the 
primer  flame  has  been  argued  pro  and  con  for  many  years  without 
the  question  ever  having  been  settled  definitely.  The  examination 
of  primer  residues  suggests  thsit  droplets  of  molten  matter  are 
more  in  evidence  than  incandescent  particles |  and  that  these  would 
certainly  cling  to  powder  grains  more  tenaciously  than  solids. 
However  that  may  be,  it  is  fairly  certain  from  the  foregoing 
discussion  of  specific  heats  tliat  either  molten  or  solid  matter  will 
promote  ignition  more  quickly  than  gasc:~  at  the  same  temperature. 
Some  of  the  work  recently  done  at  Picati  .ay  Arsenal  (IJ,)  shows 
that  from  60^  to  70^  of  the  primer  fleune  is  solid  or  liquid  matter, 
the  rest  being  gases.  So  that  all  the  evidence,  both  experimenl^al 
and  theoretical,  seems  to  point  to  solid  and  liquid  matter  as  an 
overwhelmingly  active  agent  in  primer  flames.  It  is  probable,  then, 
that  the  only  reason  for  having  any  gas  at  all  in  the  flame  is  to 
get  a  sufficiently  high  pressure  in  the  cartridge  case  at  the 
r.;oment  the  propellant  cliargo  is  ignited.  The  speed  of  combustion 
of  the  cliarge  depends,  as  everyone  knows,  on  the  pressure,  so 
that  a  primer  which  fails  to  give  off  a  sufficient  amount  of  gas 
may  cause  .hangfires  quite  as  easily  as  one  which  does  not  yield 
a  sufficient  amount  of  molten  matter. 

Experiments  are  being  planned  for  investigating  residues 
from  primer  flames  in  order  to  determine  approximately  the  struc¬ 
ture  of  the  flames.  Preliminary  work  has  shown  that  the  distrib¬ 
ution  and  degree  of  subdivision  of  liquid  and  solid  matter  in  the 
flames  can  vary  widely  with  different  compositions.  The  F.A.  70 
mixture  gives  a  uniform  spray  of  ^,otaEsium  salts  and  stibnite. 
Certain  fulminate  iidxtures,  on  the  other  hand,  produce  a  vory 
fine  cloud  of  solid  barium  oxide  and  a  fev/  scattered  drops  of 
molten  barium  nitrate  and  stibnite.  The  bearing  such  a  differ¬ 
ence  might  have  on  the  ignition  of  smokeless  powders  is  obvious. 

In  the  determination  of  ignition  temperatures,  it  was 
found  that  pellets  of  potassium  chlorate  and  antimony  sulfide 
gave  reddish  brown  residues  which  were  strongly  acid.  Wow  the 
reaction  ordinarily  assumed  for  these  compounds  is 

3KCIO3  +  SbgSg  SbgOg  +  SSOg  +  3KC1 

and  of  course  neither  of  the  solid  products,  potassium  chloride 
or  antimony  oxide,  is  strongly  acid  or  colored.  Subsequent  ex¬ 
periments  proved  tliat  a  secondary  reaction  takes  place  between 
potassium  chloride  and  unburned  sti'rite  with  the  formation  of 
reddish  brown  potassium  piOlysulfide  and  antimony  chloride*  The 
latter  compound  then  hydrolyses  in  water  to  give  hydrochloric 
acid.  The  question  of  interaction  between  potassium  chloride 
and  antimony  oxide  has  been  raised  (14),  but  no  evidence  of  it 
mw  found  by  this  Laboratory.  It  can  be  shown,  however,  that 


the  samo  kind  of  reaction  takes  place  i  ;  inixtures  of  load  sul* 
focyanide  and  potassium  chlorate*  The  1  .id  salt  seems  to  lose 
cyanogen  gas^  which  is  burned  by  the  chlorate i  the  residue  of 
lead  sulfide  and  potassium  chloride  then  yields  potassium  sulfide 
and  lead  chloride,  which  reacts  acid* 

Several  *30  caliber  primers  loaded  with  the  F*A*  70 
mixture,  which  contains  chlorate,  stihnite,  and  lead  sulfocyanide, 
were  fired  into  an  airtight  flask  containing  a  little  wter*  A 
simple  titration  with  standard  alkali  showed  that  the  average 
pellet  yields  1*71  lailligrams  of  hydrogen  chloride  on  explosion, 
while  the  same  experiment  with  fulminate  primers  showed  that  no 
acid  is  formed.  This  result  is  highly  significant  from  the  stand¬ 
point  of  corrosion  in  rifle  barrels,  for  the  general  opinion  since 
1920  has  been  that  potassium  chloride  is  solely  responsible  (3). 
This  would  seem  to  revive  the  whole  question  of  what  constitutes 
a  corrosive  primer,  since  it  ought  to  be  possible  to  get  neutral 
or  alkaline  residues  from  chlorate  mixtures  by  eliminating  fuels 
which  give  acid  residues.  Tlie  subject  deserves  to  be  investigated* 
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XT.  C0KCUJ8I0W8 

1.  Strontium  nitrate  and  normal  lead  nitrate  show  no  ad¬ 
vantage  over  barium  nitrate  in  fulminate  mixtures  of  the  353 
type . 

2.  Cuprous  sulfocyanide  shows  no  advantSoO  over  lead  sul- 
focyanide  in  the  353  type  of  fulmiziate  mixture*  -vThen  used  in  wet 

,  iai:,.ture  of  this  kind ^  rapid  decomposition  sets  in. 

3.  Barium  nitrate  crystals  coated  with  potassium  perman^ 
trinitrotoluene I  pentaerythrite  tetranitratei  or  picric 

acid  do  not  improve  dry  fulminate  mixtures.  On  the  contrary^  a 
marked  drop  in  sensitivity  takes  place  with  the  last  three 
compounds. 


4,  Tetracene  cannot  be  used  as  a  substitute  for  mercury 
fulminate. 


5.  Mixtures  containing  mercury  fulminate  and  lead  irtjphnate 
or  basic  lead  plcrate  have  not  been  successful  so  far. 

6.  Compositions  containing  mercury  fulminate  and  lead 
styphnate  or  basic  lead  picrate  are  desensitized  by  wet  loading. 

7.  Dry  mercury  fulminate  compositions  containing  lead 
styphnate  are  more  violent  than  those  containing  basic  lead 
picrate,  a  strong  tendency  toward  pierced  primers  being  noticeable 

8.  Dry  mercury  fulminate  compositions  con4aining  lead 
styphnate  have  less  tendency  to  hangfire  than  those  containing 
basic  lead  picrate. 

9.  Vifet  mercury  fulminate  mixtures  containing  lead  styphnate 
give  a  better  hangfire  test  thun  thope  containing  baslo  lead 
picrate. 


10.  Set  mercury  fulminate  mixtures  containing  either  lead 
styphnate  or  basic  lead  picrate  show  a  strong  tendency  to  misfire 
under  full  machine  ':,un  action.  These  compositions  are  generally 
inferior  to  the  dry  charged  mixtures. 

11.  In  the  353-D  type  of  fulminate  mixture,  the  beet  hang- 
fire  tests  are  obtained  by  using  150/200  mesh  barium  nitrate 
and  200/-  maeh  antimony  sulfide. 

12.  Mercury  fulminate  mixtures  of  the  353  type  show  a 
greater  tendency  to  hangfire  when  loaded  wet  than  when  loaded 
dry.  The  reverse  is  true  when  the  lead  sulfocyanide  is  Increaeed 
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to  15^  or  mcroi  the  dry  mixtures  then  giving  the  greater  number 
of  hangfires. 

13.  iJercury  fulminate  mixtures  of  high  lead  sulfooyanide 
content  f  containing  no  antijnonyi  are  quite  useless  imless  loaded 
wet. 


14.  A  very  promising  non-corrosive  ternary  mixture  (402-W) 
can  be  prepared  from  mercury  fulminate >  barium  nitrate  and  lead 
sulfocyanide.  The  hangfiro  test  of  this  mixture  is  comparable 
with  that  of  the  F.A.  70. 

15.  By  gradually  substituting  zirconium  for  lead  sulfocyanide 
in  the  ternary  mixture  402-W»  a  whole  series  of  non-corrosive 
compositions  can  be  prepared,  none  of  which  have  given  lags  or 
hangfirps  under  full  machine  gun'  action. 

16.  By  substituting  zirconium  for  lead  sulfocyanide  in  the 
ternary  mixture  402-W,  the  speed  of  combuebion  ie  apparently 
increased,  and  when  more  than  10%  zirconium  is  used,  a  strong 
tendency  to'ward  leaky  primers  is  observed. 

17.  The  best  proportion  of  zirconium  to  use  in  four-com¬ 
ponent,  20^  fulminate  mixtures  is  approximately  lOji,  the  other 
ingredients  being  barium  nitrate  and  lead  sulfocyanide,  and  the 
whole  adjusted  to  approximate  oxygen  balance. 

18.  The  four-.cbmponant  403-W  type  of  mixture,  containing 
10^  zirconium  and  20^  fulminate,  may  have  its  fulminate  content 
varied  from  15^  to  25^  without  affecting  the  ballistic  properties 
of  tho  composition* 

19.  Tho  four-component' 3 94-W  type  of  mixture,  containing 
20%,  zirconium  and'  20^  fulminate,  yields  lags  and  hangfires  when 
its  fulminate  content  is  either  decreased  or  increased. 

20.  In  order  to  avoid  hangfires  in  the  four-component 
fulminate  mixtures  containing  zirconium,  the  granulation  of 
the  barium  nitrate  must  bo  at  least  as  fine  as  200/-  mesh. 

21.  The  sensitivity  and  ballistic  effects  of  mercury  ful¬ 
minate  compositions  are  distinctly  poorer  when  either  fine  or 
ccwirse  fulminate  is  used  exclusively.  It  is  necessary  to  have 
both  fine  ..nd  coarse  mercury  fuL..incto  ,,ro8ont. 

22.  Tiie  F.A.  70  type'of  mixture  i  not  appreciably  affected 
by  coating  the  pot^^ssium  chlorate  crystc^J.  .  with  potassium 
pemungunate . 


23*  Totraoeno  cannot.be  used  in  place  of  T.K<T«  for  sen- 
eitizing  the  F.A«  70  type  of  mixture* 

24.  The  ballistic  performance  of  the  F.A.  70  composition 
la  not  affected  by  varying  the  granulation  of  the  potassium 
chlorate  and  antimony  sulfide  through  the  100/l50|  150/200»  200/- 
mesh  sieve  fractional  using  all  nine  of  the  possible  coublnationa* 

25.  The  ballistic  performance  of  the  F.A.  70  type  of  mixture 
is  very  much  iiupaired  by  dry  charging!  which  causes  a  marked 
tendency  to  hangfirs. 

26.  The  sensitivity  and  ballistic  effects  of  the  F.A.  70 
composition  are  not  altered  noticeably  by  leaving  out  the 
etibnite  altogether. 

27.  The  ballistic  performance  of  the  F.A.  70  oomposltion 

is  apparently  unchanged  when  both  stibn.  '-a  and  T.N.T.  are  omitted! 
but  the  absence  of  T.N.T.  causes  a  sharp  decrease  in  sensitivity. 

26.  The  Rathsburg  composition  containing  tetracene  and  lead 
styphnate  is  definitely  impaired  by  wet  loading. 

29.  The  Rathsburg  composition  containing  basic  lead  picrate 
in  place  of  the  styplinace  is  de3en3ii.xzed  by  wet  loading. 

30.  Tetracene  has  a  marked  sensitizing  effect  on  the  Raths¬ 
burg  mixture  containing  either  the  basic  picrate  or  styphnate 

of  lead. 


31.  Basic  lead  picrate  is  inferior  to  lead  styphnate  in 
the  Rathsburg  primer. 

32.  The  Rathsburg  primer  is  equivalent  to  the  mercury  ful¬ 
minate  primer  from  the  standpoint  of  sensitivity  and  liangfires. 

It  has  this  advantage  that  no  mercury  is  present  in  the  mixture  j 
its  chief  disadvantage  is  the  danger  of  handling  lead  styphnate. 

33.  Diazol  shows  ,romise  as  a  substitute  for  mercury  ful¬ 
minate. 

34.  Antimony  sulfide  is  of  little  value  as  fuel  or  abrasive; 
its  chief  function  is  probably  that  of  heat  carrier  as  shown  in 
the  section  on  the  Primer  Flame. 

35.  No  general  rules  can  be  giver  for  the  effects  of  wet 
charging  on  the  performance  of  ^rimers*  The  effects  of  wet 
charging  are  specific  for  each  compositic  :. 
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36.  jUscording  to  theoryi  the  sensitivity  to  impaot  of  a 
binary  mixture  of  fuel  and  oxidiser  should  vary  with  the  partlole 
sise  ratio  of  the  one  to  the  other* 

37.  According  to  theory »  the  speed  of  oombustion  of  any 
inflammable  mixture  should  vary  with  the  absolute  granulation  of 
the  ingredients. 

36.  According  to  theory)  the  observed  discrepancy  between 
ignition  temperatures  and  impact  sensitivities  of  explosive 
materials  is  caused  by  variations  in  the  forces  of  friction  between 
the  crystals. 

39.  Nc  general  rules  can  be  dravm  for  predicting  the  ease 
of  ignition  of  a  binary  mixture  of  oxidizer  and  fuel.  The  ease 
of  ignition  is  peculiar  to  each  mixture. 

40.  Among  the  saimples  studied)  the  ignition  temperature 
curves  for  initiating  explosives  and  mi.-  tures  that  are  sufficiently 
sensitive  for  .30  caliber  primers  were  a  '  similar)  and  intersected 
the  temperature  axis  at  or  below  275°C. 

41.  .  The  Ignition  temperature  curve  for  a  mixture  of  po¬ 
tassium  chlorate  and  stibnite  depends  in  some  unknown  way  on  the 
granulation  of  the  ingredients. 

42.  According  to  theory)  the  rate  of  heat  exchange  between 
primer  flame  and  propellant  c^rge  depends  on  the  heat  capacity 
of  the  f leone.  In  this  respect)  nitrogen)  sulfur  dioxide)  and 
the  oxides  of  carbon  are  superior  to  mercury  vapor.  Because  of 
the  greater  overall  coefficient  of  heat  transfer)  solid  or  molten 
niatter  is  more  effective  than  gases. 

43.  The  function  of  gas  in  the  primer  flame  is  not  to  ig¬ 
nite  the  powder  grains )  but  to  create  a  sufficiently  high  pres¬ 
sure  at  the  moment  ignition  occurs. 

44.  The  corrosive  action  of  chlorate  primers  on  rifle  bar¬ 
rels  is  duO)  at  least  partly)  to  the  liberation  of  hydrochloric 
acid  during  explosion. 
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RaCOIiliENDATIONS 


1.  The  tton-corroelvei  three-oomponent  mixture  containing  , 
mercury  fuloinatey  barium  nitratey  and  lead  eulfocyanide  should 
be  investigated  further. 

2.  The  non-corrosive y  four-companent  mixture  containing 
mercury  fulminatSy  barium  nitratey  lead  sulfocyanidey  and 
zirconium  should  be  investigated  further. 

3.  Ibcperimental  mixtures  should  be  made  with  diazoly  tet- 
racensy  and  possibly  basic  lead  picratey  with  the  object  of 
developing  a  non-mercuric y  non-corrosivo  composition.  Lead  sty- 
phnata  has  a  bad  reputation  as  a  hazard  ‘  o  life  and  limby  and  is 
not  favored  in  primer  work. 

4.  The  problem  of  eliminating  stibnite  from  the  F.A.  70 
ty. e  of  mixture  deserves  considerationy  carefully  weighing  the 
advantages  against  the  disadvantages.  This  would  require  an 
extensive  loading  and  firing  program. 

5.  The  properties  of  graded  microscopic  powders  and  in¬ 
organic  colloids  in  priming  mixtures  ought  to  be  investigated 
with  the  object  of  increasing  the  activity  of  certain  sluggish 
ingredients. 

6.  The  relationship  between  granulation  and  the  speed  of 
combustion  and  sensitivity  of  ^.riming  mixtures  should  be  detsr- 
minad.  Information  of  this  kind  would  help  in  regulating  the 
speed  of  combustion  of  primers y  and  would  offer  a  valuable  check 
on  the  theory  of  granulation. 

7.  The  possibility  of  altering  coefficients  of  friction 
between  crystals  by  means  of  adsori?tlon  phenomena  should  be 
investigated  with  the  object  of  altering  sensitivity  to  Impact. 
Wherever  possibley  the  theory  of  friction  forces  in  sensitive 
mixtures  should  be  checked  experli.entally. 

8.  The  sensitizing  effect  of  small  quantities  of  nltro- 
organic  compounds  on  chlorate  primers  should  be  worked  ony  since 
it  may  lead  to  the  sensitizing  of  slug.,  ^  sh  oxidizers  such  as  ba¬ 
rium  nitrate, 

9.  Ignition  tsw>per.’tures  should  be  determined  on  additional 
binary  and  perhay^s  ternary  mixtures'.  Those  mixtures  Igniting 
below  275°C.  seem  well  suited  as  initiating  agents  in  .30  caliber 
primersy  and  it  ought  to  be  possible  to  pick  out  valuable  com¬ 
binations  in  this  way. 

10.  Ace'ording  to  ignition  temperature  curves y  a  mixture  of 
load  y/sroxide  and  lead  eulfocyanide  ignites  almost  as  saslly  ss 


the  oorraepondlng  chlorate  mixture*  Thj  value  of  thia  combltiatlon 
as  the  baals  of  a  new  kind  of  non-ffldrcur-0»  non-oorroslve  corn* 
position  ought  to  be  investigated* 

11.  SxperJjcaentB  should  be  made  on  the  use  of  tiew  fUelti 
such  as  the  ferrocyanldesy  cyanidesy  oxalatesy  eto*  in  both  non** 
corrosive  and  chlorate  primers* 

12*  In  view  of  the  appreciable  quantity  of  hydroehlorio  acid 
liberated  during  combustion  of  the  F.A.  70  oompositlony  it  would 
be  highly  desirable  to  determine  to  what  extent  thia  acid  is  re¬ 
sponsible  for  the  corrosion  observed  with  chlorate  primers  in 
general  * 

13.  The  possibility  of  developing  a  chlorate  primer  which 
gives  a  neutral  or  alkaline  residue  is  attractive*  Such  work 
should  be  correlated  with  the  investigation  of  new  fuels  for 
ignition  systems. 

14*  Experiments  should  be  continued  on  determining  the 
structure  of  flames  with  reference  to  the  solid  and  molten  matter 
present . 


» 
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VI 


SUiaiARY 


% 


The  results  of  sensitivity  tests  and  hangfire  tests 
have  been  described  in  detail  for  fifty-nine  mercuric  non-oor- 
roedve  priming  mixtures^  twenty-three  chlorate  mixturesi  and  ten 
non-iuercuric »  non-corrosive  mixtures. 

'Die  experimental  mercuric  non-corrosive  compositions 
included  the  following  lines  of  endeavort 

1.  Substitution  of  strontium  and  normal  lead  nitrates, 
for  barium  nitrate. 

2.  Substitution  of  tetracene  for  mercury  fulminate. 

3.  Sensitizing  barium  nitrate  with  potassium  per<> 
man.-:aRate,T.N.T.  I  P.E.T.N.  >  and  picric  acid. 

4.  Substitution  of  cuprous  sulfocyanide  for  lead 
sulfocyanide. 

5.  Addition  of  lead  styphnate  and  basic  lead  picrate 
to  mercuric  mixtures. 

6.  Effect  of  varying  the  granulation  of  barium  nitrate 
and  antimony  sulfide.' 

7.  Relative  importance  of  lea'd  sulfocyanide  and  stlb- 
nite  as  fuels. 

8.  Use  of  zirconium  as  a  fuel. 

9.  Effect  of  varying  the  mercury  fulminate  content  of 
zirconium  mixtures. 

10.  Effect  of  varying  the  granulation  of  barium  nitrate 
in  zirconium  mixtures. 

11.  Effect  of  varying  the  granulation  of  mercury  ful¬ 
minate. 

On  experimental  potassivun  chlorate  mixtureSi  the  follow¬ 
ing  work  was  donet 

1.  Sensitizing  potsssium  chlorate  with  potassium 
permanganate. 

2.  Use  of  tetracene  in  chlorate  mixtures. 


3. 


If 


Effect  on  the  T.A.  70  mixture  of  varylxig  the 
granulation  of  potaseiiun  chlorate  aiul  antimony 
sulfide. 


4,  Relative  importance  of  le^i  sulfocyanide  and 
■tibnite  as  fuels. 


.  On  non-mercuric I  non-corrosive  mixtures  the  expaniuents 
included t 

1.  Sensitizing  effect  of  tetracene  in  the  Raths- 
burg  primer. 

2.  Use  of  basic  lead  picrate  in  place  of  lead 
Btyphnata  in  the  Rathaburg  primer. 

3.  Substitution  of  diazol  for  mercury  fulminate 
in  non-corrosive  mixtures. 

The  effect  of  wet  and  dry  cliarging  on  all  types  of 
mixtures  has  been  observed. 

The  theory  of  granulation  has  been  considered.  The 
condition  for  maximum  sensitivity  of  a  binary  mixture  of  oxi- 
dimer  nnd  fuel  has  bean  expressed  mathematically. 


Ignition  temperatures  have  bec  i  discussed.  Experiment-^ 
al  ignition  temperature  curves  are  givei.  for  twenty-five 
initiators  and  explosive  mixtures. 


The  theory  of  coefficients  of  friction  in  priming 
mixtures  has  been  discussed  qualitatively. 


The  structure  of  the  prime.-  flame  has  been  considered. 
An  expression  has  been  developed  for  the  relative  effectiveness 
of  -various  primer  flame  constituents  in  pro^ting  ignition  of  the 
propellant  charge.  Curves  have  been  drawn  for  this  expression 
showing  that  the  specific  heat  of  each  primer  flame  constituent 
is  an  Important  variable  governing  the  time  required  for  igni- 
Uon  of  tho  propellant  charge. 


The  liberation  of  hydrochloric  acid  during  explosion 
of  the  r.A.  70  primers  has  been  demonstrated. 

Thd  posaibility  of  developing  a  non-corrosive  chlorate 
primer  by  a  auitablo  choice  of  fuels  has  been  pointed  out. 
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